





uy 


























July 1988 











FOREWORD 


Toshiba C? MOS IC Family 


The Toshiba C?MOS family is a group of all-purpose CMOS 
digital ICs which are composed of materials having various logic 
functions. They not only can be used for industrial electronics 
equipment and home electronics equipment but also have applica- 
tions in a variety of fields. — 

CMOS devices have such features as low power consumption, a 
single power supply, a wide operating voltage range and a high noise 
margin. In addition, they have epoch-making characteristics which 
conventional ICs do not have. They have recently established a firm 
position. as all-purpose logic elements in conjunction with TTL and 
LSTTL. | 

Since the introduction of the C? MOS IC in 1972, Toshiba has 
made every effort to develop products which are more reliable and 
less expensive. 

Meanwhile, with respect to product standardization, Toshiba 
marketed B series products (conform to EIA/JEDEC international 
standards) domestically for the first time in April 1978. Then in 
January 1982, Toshiba became the first in Japan to develop and mass 
produce a compact, thin type, mini flat C? MOS and has continued to 
be a world leader in the field of CMOS IC development. 

Currently, in the Toshiba C? MOS family, in addition to 149 
types of standard dual inline devices, 58 types of mini flat devices 
are available. 

In addition to this publication, there is a separate edition availa- 
ble which contains High Speed C? MOS data book. Please use it 
along with this publication. 


IMPORTANT NOTICES 


The circuit examples illustrated herein are pre- 
sented only as a guide for the performances or the 
applications of our products. 

Keep in mind that no responsibility is assumed 
by TOSHIBA for its use, nor for any infringements 
of patents or other rights of the third parties which 
may result from its use, and that no license is 
granted by implication or otherwise under any patent 
or patent rights of TOSHIBA. 

Toshiba reserves the right to make changes to 
any product for improving reliability, function or 


other characteristics. . 
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TC4000 Series 
PRODUCT NAME 
TC4000BP 
TC4001BP/BF 
TC4001UBP 
TC4002BP/BF 
TC4006BP 
TC4007UBP /UBF 
TC4008BP 
TC4009UBP 






FUNCTION PAGE 
DUAL 3 INPUT NOR GATE PLUS INVERTER 75 
QUAD 2 INPUT NOR GATE 


QUAD 2 INPUT NOR GATE 
DUAL 4 INPUT NOR GATE 
18-STAGE STATIC SHIFT REGISTER 

DUAL COMPLEMENTARY PALR+INVERTER 
4~BIT FULL ADDER . 

HEX BUFFER/CONVERTER (Inverting Type) 
TC4010BP HEX BUFFER/CONVERTER (Non-Inverting Type) 
TC4011BP/BF QUAD 2 INPUT NAND GATE 


TC4017BP/BF DECADE COUNTER/DIVIDER 121 
TC4018BP PRESETTABLE DIVIDE-BY-"N" COUNTER 
TC4019BP/BF QUAD AND/OR SELECT GATE 

TC4020BP /BF 14 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 134 


TC4021BP 8-STAGE STATIC SHIFT REGISTER 138 
TC4022BP OCTAL COUNTER/DIVIDER 142 


TC4023BP/BF TRIPLE 3 INPUT NAND GATE 107 
TC4024BP/BF 7 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 
TC4025BP/BF _ TRIPLE 3 INPUT NOR GATE 

TC4027BP/BF 
TC4028BP/BF BCD-TO—DECOMAL DECODER 
TC4029BP/BF PRESETTABLE UP/DOWN COUNTER 
TC4030BP /BE 
TC4032BP TRIPLE SERIAL ADDER (Positive Adder) 

8-STAGE STATIC BIDIRECTIONAL PARALLEL?SERIAL IN/OUT 
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126 
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147 





DUAL J-K MASTER-SLAVE FLIP-FLOP 
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BUS REGISTER 


| TC403 5BP 4-STAGE PARALLEL IN/PARALLEL OUT SHIFT REGISTER 


TC4036BP 4 WORD X8 BIT STATIC RAM 
TC403 8BP TRIPLE SERIAL ADDER (Negative Adder) 


TC4039BP 4 WORD X8 BIT STATIC RAM 
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TC4000 Series (Continued) | - 


12 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 188 
'rc4042BP/BF _—‘ |QUAD CLOCKED "D" LATCH 192 


TC4050BP/BF HEX BUFFER/CONVERTER ‘(Non-Inverting Type) 211 
TC4051BP/BF SINGLE 8-CHANNEL MULTIPLEXER/DEMULTIPLEXER 
TC4052BP/BF DIFFERENTIAL 4-CHANNEL MULTIPLEXER/DEMULTIPLEXER 


[TC4053BP/BF TRIPLE 2- CHANNEL MULTIPLEXER/DEMULTIPLEXER 
'TC4054BP/BF | LIQUID-CRYSTAL DISPLAY DRIVER (4-Segment) 218 
'rc4055BP_ Ss | LIQUI.D~CRYSTAL DISPLAY DRIVER (BCD TO 7-Segment) 222 
‘Tc4068BP/BF  —s_|8 INPUT NAND/AND GATE 23:6 
Tc4069UBP/UBF {HEX INVERTER 239 


TC407 8BP /BF 8 INPUT NOR/OR GATE |) 266 


TC4081BP/BF QUAD 2 INPUT AND GATE 245 
TC4082BP DUAL 4 INPUT AND GATE 245 


TC4085BP DUAL 2-WIDE 2 INPUT AND-OR-INVERT GATE 259 
TC4086BP 4-WIDE 2 INPUT AND-OR-INVERT GATE 262 


8-BIT ADDRESSABLE LATCH 275 
'rc40102BP_ ~=—s—ss« 8-STAGEE PRESETTABLE DOWN COUNTER (2-Decode BCD Type) 
'TC40103BP_ —s—s« “STAGE PRESETTABLE DOWN COUNTER (8-Bit Bynary Type) 


-|4-BIT BIDIRECTIONAL SHIFT REGISTER WI —-STATE 
TC401L04BP PEN pperren aoe te mee 289 


OUTPUTS 
TC40107BP DUAL 2 INPUT NAND BUFFER/DRIVER 295 














214 
214 





214 
































280 
280 

















TC4000 Series (Continued) | 


PRODUCT NAME FUNCTION PAGE 
TC40117BP PROGRAMMABLE DUAL 4-BIT TERMINATOR 


TC40160BP PROGRAMMABLE DECADE COUNTER WITH ASYNCHRONOUS CLEAR 303 
TC40161BP PROGRAMMABLE BINARY COUNTER WITH ASYNCHRONOUS CLEAR 
TC40162BP PROGRAMMABLE DECADE COUNTER WITH SYNCHRONOUS CLEAR 303 
TC40163BP PROGRAMMABLE BINARY COUNTER WITH SYNCHRONOUS CLEAR 303 
TC40174BP/BF HEX "D"-TYPE FLIP-FLOP 311 















































TC40175BP/BF QUAD 'D"'-TYPE FLIP-FLOP 
TC40192BP PRESETTABLE BCD UP/DOWN COUNTER 


TC40193BP PRESETTABLE BINARY UP/DOWN COUNTER 


TC40194BP 4—BIT BIDIRECTIONAL SHIFT REGISTER WITH RESET 


TC4500 Series 


PRODUCT NAME FUNCTION PAGE 
TC4501BP - TRIPLE GATE (Dual 4 Input NAND+2 Input NOR/OR) 


TC4502BP STROBED HEX INVERTER/BUFFER 
























TC4503BP/BF HEX NON-INVERTING 3-STATE BUFFER 
TC4508BP DUAL 4-BIT LATCH | 
TC4510BP/BF PRESETTABLE BCD UP/DOWN COUNTER 


TC4511BP/BF BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 


TC4512BP/BF 8-CHANNEL DATA SELECTOR 
TC4514BP 4-BIT LATCH/4—-TO-16 LINE DECODER (High) 


TC451L5BP 4-BIT LATCH/4-TO-16 LINE DECODER (Low) 


TC4516BP/BF PRESETTABLE BINARY UP/DOWN COUNTER 
TC4518BP/BF DUAL BCD UP COUNTER 


TC4519BP 4-BIT AND/OR SELECTOR 
TC4520BP/BF DUAL BINARY UP COUNTER 
TC4521BP 24-STAGE FREQUENCY DIVIDER 






















































TC4522BP PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (BCD) 
TC4526BP/BF PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (Binary) 
TC4527BP BCD RATE MULTIPLIER 



















TC4528BP/BF DUAL MONOSTABLE MULTIVIBRATOR 
TC4530BP DUAL 5 —INPUT MAJORITY LOGIC GATE 
TC4531BP 12-BIT PARITY TREE 402 
























TC4532BP 8-BIT PRIORITY ENCODER 
TC4538BP/BF DUAL PRECISION MONOSTABLE MULTIVIBRATOR 


TC4539BP/BF DUAL 4-CHANNEL DATA SELECTOR/MULTIPLEXER 










TC4500 Series (Continued) 


'tc4583BP —=—s«|DUAL SCHMITT TRIGGER. 
'tc4584BP/BF  _|HEX SCHMITT TRIGGER 















4—-BIT MAGNITUTE COMPARATOR 445 


TC5000 Series 


Ircso1sp =—=—S——S=«d( 4“ BIT. BINARY COUNTER/CLOCK GENERATOR 
TC5020BP HEX LOW-TO-HIGH VOLTAGE TRANSLATOR 
1C5022BP 
TC5023BP 






































1 
BINARY COUNTER 
'tc5029BP -—=«-—=—« {QUAD =2-INPUT NAND OPEN DRAIN GATE (N-CHANNEL) 
meso43e__|cR TIMER —_ 
itc5050P_ _—=——«{DUAL, 50/64-STAGE STATIC SHIFT REGISTER 
'tc5052P_ = |4-DIGIT DECADE COUNTER 
'rc5053P —=———Ss«[4-DIGIT UP/DOWN DECADE COUNTER 


TC5054P 4-DIGIT UP/DOWN DECADE COUNTER 
TC5064BP HEX HIGH VOLTACE BUFFER WITH INHIBIT 
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TC5000 Series (Continued) 

TC5065BP HEX HIGH VOLTAGE BUFFER WITH INHIBIT 
TC5066BP 7-LINE HIGH VOLTAGE BUFFER 
TC5067BP 7-LINE HIGH VOLTAGE BUFFER 544 
TC5068BP BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER 548 
TC5069BP BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER 548 


TC5070P 6 DIGIT UNIVERSAL COUNTER "999999" 554 
6 DIGIT UNIVERSAL TIMER "995959" 554 


6 DIGIT UNIVERSAL TIMER "595999" 
























































TC7400 Series 


PRODUCT NAME FUNCTION PAGE 


TC7400BP QUAD 2-INPUT POSITIVE NAND GATE 
TC7404UBP HEX INVERTING BUFFER bir 


TC7476BP DUAL J-K MASTER SLAVE FLIP FLOP 974 


TC5000 Series/TC35000 Series (A/D CONVERTER Series) 


TC5093AP 8 BIT A/D CONVERTER (WITH 8ch ANALOG MPX.) 


TC35094P 8 BIT A/D CONVERTER 
TC35095P 8 BIT 8ch SERIAL I/O A/D CONVERTER 
TC35096P 8 BIT 4ch SERIAL I/O A/D CONVERTER 


TC35097P 8 BIT 2ch SERIAL I/O A/D CONVERTER 


TC35098P 
































































8 BIT SERIAL I/O A/D CONVERTER 





11 


FUNCTION SELECTION TABLE 


FUNCTION DEVICES 


TC4011BP/BF,TC4011UBP ,TC4012BP/BF ,TC4023BP/BF ,TC4068BP/BF 








































REND TC7400BP 
wank TC4OO00BP, TC4001BP/BF , TC4001UBP , TC4002BP/BF , TC4025BP/BF 
TC4078BP/BF 

AND TC4068BP/BF,TC4073BP/BF , TC4081BP/BF , TC4082BP 

OR TC4071BP/BF,TC407 2BP/BF ,TC4075BP/BF , TC4078BP/BF 
GATES INVERTER TC4007UBP/UBF, TC4009UBP, TC4049BP/BF, TC4069UBP/UBF, TC7404UBP 
BUFFERS BUFFERS TC4009UBP, TC4010BP, TC4049BP/BF, TC4050BP/BF 7 

3-STATE _| TC4502BP, TC5012BP/BF ,TC5024BP ,TC5025BP , TC4503BP 






OPEN DRAIN | TC40107BP,TC5029BP, TC5064BP, TC5065BP, TC5066BP, TC5067BP 


TC4019BP/BF,TC4030BP/BF,TC4077BP/BF, TC4085BP, TC4086BP , TC4501BP 
TC4519BP, TC4530BP, T0457 2BP/BF 


SCHMITT TRIGGER |TC4093BP/BF,TC4583BP ,TC4584BP/BF 
; LEVEL SHIFTER | TC4009UBP , TC4010BP,, TC4049BP /BF , TC4050BP/BF , TC5020BP 
FLIP-FLOP TC4013BP/BF ,TC4027BP/BF,TC40174BP/BF,TC4017 5BP/BF ,TC7476BP 
LATCHES TC4042BP/BF ,TC4043BP, TC4044BP/BF , TC4099BP/BF , TC4508BP 
MULTIVIBRATORS TC4047BP, TC4528BP/BF, TC4538BP/BF | 
DECODERS TC4028BP/BF ,TC4514BP.TC4515BP.TC4555BP, TC4556BP/BF 














MULTIFUNCTION 






















































































: LED TC4511BP/BF,TC5002BP ,TC5022BP 
ety LCD TC4054BP/BF , TC4055BP, TC4056BP/BF ,TC4543BP/BF 
he oe DIGITRON TC5068BP.TC5069BP 
ENCODER TC4532BP , 
ree TC4O06BP, TC4014BP, TC4015BP/BF , TC4021BP, TC4034BP, TC4035BP 
REGISTERS TC4094BP/BF, TC40104BP, TC40194BP , TC5050P 
STORAGE TC4076BP 












TC4029BP/BF,TC40161BP ,TC40163BP,TC40193BP, TC4516BP/BF 

















































BENE TC4520BP/BF ,TC5018BP, TC5027BP 

anGiGE TC4029BP/BF ,TC40160BP , TC40162BP ,TC40192BP, TC4510BP/BF 
TC4518BP/BF,TC5026BP 

COUNTERS DIVIDER TC4020BP/BF , TC4024BP/BF, TC4040BP/BF , TC4521BP, TC5036P, TC5036AP, 

TC5048P, TC5048AP 

DIVIDE-BY-"N" —_| TC4018BP,TC40102BP , TC40103BP,TC4522BP ,TC4526BP/BF 

N-DIGIT DECADE | TC5001P,TC5032P,TC5037P, TC5051P, TC5052P ,TC5053P, TC5054P,, TC5070P 

OTHER TC4017BP/BF ,TC4022BP 











TC5043P , TCS071P, TC5072P 
TC4051BP/BF,TC4052BP/BF, TC4053BP/BF 
BREERS. "| MIGETAL TC4512BP/BF, TC4539BP/BF , TC5023BP 
TC4008BP , TC4032BP , TC4038BP, TC4560BP 
TC4063BP/BF ,TC4585BP | 
TC4561BP | 
TC4036BP,TC4039BP } 


ANALOG SWITCH TC4016BP/BF ,TC4066BP/BF 


A/D CONVERTERS TC5090AP, TC5091AP, TC5092AP, TC5093AP , TC35094P, TC35095P, TC35096P, 










































ARITHMETIC 
CIRCUITS 




































TC35097P, TC35098P 
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OUTLINE 


C?MOS IC Family 


il 


CMOS and C?M0S 


"CMOS" is an abbreviation of ''Complementary Metal Oxide Semi- 
conductor", and "Complementary" means to combine P-channel type MOS 
FET and N-channel type MOS FET complementarily. The CMOS circuit 
configuration, since its announcement at ISSCC in 1963, attracted 
a large expectation for its performance with super-low power con- 
Sumption and operation at low voltage, and after such process as 
settlement of production problems through the ion implantation 
process, reduction in pattern size through circuit research, etc., 


has now been established as one field of integrated circuits. 


At present, use of CMOS LSI in electronic calculators, clocks, etc. 
is remarkable. In addition to these LSI, the features of CMOS 

are also very attractive in the field of so-called industrial 
electronic equipment including measuring and control equipment, 
business machines, etc., and it may be said to be a matter of course 


that CMOS logic family is demanded. 


To respond these need promptly, TOSHIBA has put CMOS logic element 
on sale as C2MOS IC Family. 


c2M0S is an abbreviation of "Clocked CMOS", which is one of the CMOS 


circuit configurations. This type of circuit was made public by 


Toshiba at ISSCC in 1973 and since then, it has been applied to 
mainly sequential circuits of TOSHIBA's MSI and LSI as it becomes 


an extremely powerful circuit means. 
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ue 


Therefore, c2Mos is used as the general name of TOSHIBA CMOS ICs 


including combined circuits without clocked gate used. 


TOSHIBA C*MOS Family 


-C2MOS Family products shown below are made available from TOSHIBA 


for use in all sorts of equipment. 


TOSHIBA 
c2MOS 


TC4000B Series 
Compatible with RCA's CD4000B Series 


TC4500B Series 
Standard Compatible with MOT's MC14500B Series 


2 Dae 
ons TC5000B/TC5000 Series 


TOSHIBA's original series 


TC7400B Series 
Compatible with TTL 54/74 Series 


TC40HOO0O Series 
Compatible with TTL 54/74 Series 





High-speed 
c2MOS TC50HO00 Series 
TOSHIBA's original series 
TC 74HCOO Series, TC74HCOOA Series 
Compatible with TTL 54/74 Series 
TC74HC4000 Series, TC74HC4000A Series. 
Compatible with RCA's CD4000B Series 
TC74HC4500 Series, TC74HC4500A Series 
Compatible with MOT's MC14500B Series 
TC74HCTOOO Series, TC74HCTOOOA Series 
; Input level is compatible with TTL 
Advanced 
High-Speed : 
T 
C2Mos C74AC00 Series 


Compatible with TTL 54/74 Series 
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Further, the Mini-Flat Package (MFP) C2MOS Family products are 
also available from TOSHIBA to satisfy demands of equipment for 


compact size and light weight. 


TC4O0O0BF Series 


Standard rer : 
TC4500BF Series 
c2MOS Type 
TC5000BF Series 
TOSHIBA MFP High-speed TC40HOOOF Series 
C2MOS Family c2MOS Type 


TC5OHOOOF Series 
TC74HCOOF Series, TC74HCOOAF 
Series 


TC74HC4000F Series, TC74HC4000AF 
Series 


TC74HC4500F Series, TC74HC4500AF 
Series 


Advanced High-Speed 


c2mos ae —— TC74ACOOF Series 


1.3 Standard Construction of Model No. of c2MOS Family Products 


TC 4011 BP 
= P:; Plastic package 


F: Mini flat package 
"B" Series standard product 
Part No. 


TOSHIBA C2MOS 


1.4 


TOSHIBA B Series C@MOS 
TOSHIBA B Series C2MOS have ratings and characterisitcs 
satisfying EIA/JEDEC standards; .definitely speaking, they have 
basic characteristics shown below: 
A wider operating supply voltage range of 3 ~ 18V. 
Guaranteed electrical characteristics under 3 supply voltage con- 
ditions of 5V, 10V and 15V. 
Buffer structure adopted for all outputs 
2 inputs of LTTL (Low Power TTL) and 1 input of LSTTL (Low Power 
Shottkey TTL) can be directly driven. 
Noise Immunity: 1V (Min) @ Vpp = 5V x1 
2V (Min) @ Vpp = 10V 
2.5V (Min) @ Vpp = 15V 
*1 "UB" Series products and some products including analog switch, | 


level shifter, etc. have different noise margines. 





2. Operational Principle and Features of CMOS 
2.1 Basic circuit and structure of CMOS 


Inverter circuit is taken as an example of CMOS basic circuit. CMOS 
inverter, as shown in Fig. 2-1, consists of the common input terminal 
shared by P-channel enhancement (normally off) type MOS FET and N-channel 
enhancement type MOS FET and the common output terminal shared by each 
drain. 

As shown in the same figure, CMOS inverter,uses P-channel and N- 
channel MOS FETs complementarily. 

Usually, the source of P-channel MOS FET is connected to Vpp (+s upply) 
and the source of N-channel MOS FET is connected to Vog (usually GND). 

Fig. 2-2 illustrates the cross section using the basic process. 


N-type silicon is used as substrate for CMOS basic process. 


For normal P-channel MOS FETs , P-type 


Vpp 


a impure material is selectively diffused in 
P-CHANNEL FET the domain of N-type substrate to form the 

= D source and the drain. For CMOS, however, 

ores D ns since N-channel MOS FET is also required to 

G N-CHANNEL FET be formed in same substrate, after form- 

S | ing P-type island domain (P-well) in N-type 


Vsg | substrate by means of ion implanation, 





N-channel MOS FET is formed in this P-well. 
Fig. 2-1 Circuit Diagram And P-channel MOS FET is formed in the sub- 


f CMOS Inverter 
ss bi strate outside of this island domain. 


A£ WIRING 
OXIDH FILM 


P-CHANNEL MOS TR 


CHANNEL STOPPER 
N SUBSTRATE 





Fig. 2-2 Structural Cross Section of AX Gate CMOS 


N-type substrate and P-well are separated (reverse biased) by Vpp and 
Vog.- Therefore, P-channel and N-channel FETs operate independently each 


other with no mutual interferences. 


Fig. 2-2 is the basic cross section of CMOS inverter. The static 
protection circuit is inserted in the input gate as shown in Fig. 2-3 for 


the actual products. 


INPUT GATE A 





Fig. 2-3 CMOS Input Protection Circuit 


Fig. 2-4 shows the equivalent circuit of CMOS inverter including the 
input protection circuit and the parasitic circuits. Fig. 2-4 actually 


represents the circuits of TC4069 UBP and TC7404 UBP. 


Input protection diode 
Input protection resistor 


Parasitic diode formed by 
P-channel MOS FET 


Parasitic diode formed by 
N-channel MOS FET 


Parasitic diode formed by 
P-well 





Fig. 2-4 CMOS Inverter taking Parasitic Circuits into Consideration 


Although the diodes Pacer ees in the equivalent circuit are all re- 
verse bias during operation without causing any interferences for normal 
circuit operation, caution should be observed since degradation and damage 
of the elements may be resulted by making those diodes forward biased when 
the power supply is connected with reverse polarity or the interface is 


driven roughly. 
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(1) 


Basic characteristics of CMOS 


CMOS is a classification based on the circuit configuration and the 
characteristics of each MOS FET actually used are equal to common enhance- 


ment type FETs. 


Therefore, in the case of CMOS also, the characteristics of P-channel 


and N-channel MOS FETs can be basically approximated by $Shockley's equation. 


Ips = K [2Vps(Ves - Vr) - Vps2], Vps < Vag - VE ...-- (25 ck) 
Ips = K (Veg - Vy)? , Vps > Veg - VE eee (2.2) 
Ing = 0 » Veg < Vr oe Stade COD 


Where the constant K is 


L ; Channel length 

W ; Channel width 

Eox 3 Dielectric constant of gate oxide film 

tox ; Thickness of gate oxide film 

Hu ; Mobility of electron or positive hole 

Vps 3 Potential difference between drain and source 
Ves 3 Potential difference between gate and source 


Vr 3; Threshold voltage 


Using the above approximation equations Von V6) 
(2.1) © (2.3), the basic characteristics. are 


explained below taking inverter as an example. 


Transfer characteristic of inverter 


The input voltage, the output voltage and 
the power supply voltages are assumed to be 
VIN», Voyr and +Vgo volts respectively. 


The threshold voltages are assumed to be 


Vag( OV) 





Vtp for P-channel FET and Vry for N-channel 
BET Pespectivelys Fig. 2-5 Relationships of 
- Various Bias 
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Here, Vrpp is considered to have negative value and Vypy to have positive 


value. 


equations (2.1) © (2.3) are 


Vos = Your » Ves = VIN 


for N-channel FET. 


So, equations (2.1) ~ (2.3) can be rewritten as 


Ipsy = Ky [2Vour(Vin-Vrw)-Voyr*], Your 
Ipsn = Ky (Vqy - Ven) 7 > VOUT 
Ipsn = 0 > VIN 


On the other hand, since 
Vps = Vo - Vout AND Ves = Vo - Vin 


for P-channel, equations (2.1)  ~ (2.3) can be 


As it is clear from Fig. 2-5, Vpg and Vag which appeared in 


shown below. 


< VIN - VIN wee (2.4) 
> VIN -— VIN --:- (2.5) 


rewritten as follows. 


Ipngp = Kpl2(Vo-Vour) (Yo-Vin- | Vrp|)- Vo-Voyr) “15 

Vour > Vin + \Vpp| we aes (2.7) 
Ipgp = Kp(Vo-Viy-|Vrp|)*,Vour $ Vin + |Vrpl = ---e- (2.8) 
Ipsp = 0 sVIn + |Vep] 2 Vo — ceees (2.9) 
When 


the input voltage of inverter varies from 0 volts to Vg volts, 


the operating range of each MOS FET can be classified into the following 


five regions. 


@ oy $ Vqy S Voy 

@) Vey < Vin < Vour -|Vrp| 

@) Vour - |Yrr| $ Vin $ Your + Ven 
@) Vour + Ven < Vin < Vo - |Vrp| 
@ vo - |Vrpl < Vin $ Yo 


The currents in 


the above five regions for each FET forming the 


inverter can be represented by equations (2.4) v (2.9) respectively. 
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When the input/output transfer characteristic is to be obtained, since 
the current carried by P-channel, Insp is equal to the current carried 


by N-channel, Ipsyn, the transfer characteristic in each region is 


obtained by making Ipncoy = Ipgp- 


Especially, by making Ipsy = Ipgp in the equations (2.5) and (2.8) of 


current in the region of 2, the foliowing equation is obtained. 


Ky 
vw = 
¥ Kp 


Fig. 2-6 shows the comparison between the theoretical values obtained 


by those equations and the measuring values. 


> MEASURING 
VALUE 


Vout. CV) 


> THEORETICAL 
VALUE BY 
SHOCK LEY' S 
EQUATION 


ea 
oO 
<< cd 
om 
4 
O 
> 
4 
=) 
Ay 
Ei 
Dp 
oO 


INPUT VOLTAGE Vyy (CV) 





Fig. 2-6 Input/Output Transfer Characteristics 
Step response of inverter 


When step input which varies from 0 volts to +Vo volts is applied to the 
inverter input, P-channel FET is turned off and N-channel FET is turned 


on. As a result, electrical charge stored in the load capacitor CoyT is 
discharged through N-channel FET and the output voltage Vopr varies from 


+Vg volts to 0 volts as the discharge proceeds. 


a) When Voyt 2 Vo - VIn 


b) 


The equation for current is given by (2.5) and since Copy is dis- 


charged by this current, 


d Vout 
- Ipsn = Cour gz >» Vour = Vo at 5 = 0 


\ 
When this is integrated, 


st, sYour CouT . 
o dt = - Vo Ky (Vo-Vry) 2 dVoyr 
Namely, 
Cour 
See (VQ - Ve) eee ¢ (Q210 
“KNGio - Vew= V0 our? ee 


If tg is defined at Voyy = Vo - Ven, 


ss aii HOUT. NEN 
0 Ky (Vo -Vpy) 2 


When Vout s Vo - Vry 


If integrated similarly as a) using equation (2.4), 
3G Vout 1 | 
(dee a= OL Bee Op ase he a dVour 
0 2Ky(Vo-Vey) ~ Vo-Vtn [Your = 2(Vo-Vour)-Vour 
Then, 


2 MOE YING Copr —, ~—-2(Vo-Vrn)-Vour 
Ky(Vo-Vty) = 2Ky(Vo- Vey) Vout 


As the fall time tg is the time required for the output voltage to vary 
from 90% to 10%, if t; is assumed to be the time for the output 

voltage to reach 90% of Vo and t? is assumed to be the time 

to reach 10% of Vo, ty, and tg are given from equations (2.10) and 
(2.11) as follows. 


| COUT gh, axe 
hy SS ee 0.1V 
1“ Ky(WVo-Vrw)2 * ° 
ee Cout VIN CouT _2o-VIn)=0.1V0, 
2" Ky (Vo-Vew) 2° 2Ky (Vo-Vpy) T 


0.1Vo 
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2.3 


Therefore, 


VTN-0.1V0 
tr = ee Ga) = [ogee + 1/2 &n (20(1—2N ie Baba ts mee tee) 
C 
OUT 
where TN = Ry CVo-Viw) 
€ u W 
Ky = 1/2 , OX FN , NN 
Cox Ly 


wu 


The rise time ty can be obtained similarly and the result will be 


the same as equation (2.12) except that N is replaced by P. 


Features of CMOS 


Table 2-1 compares the characteristics of logic families including 
CMOS. From this table it is clear that although the speed is slower 
than others, the power dissipation in quiescent state and the noise 


immunity are far superior to others. 


And since CMOS has wider operating supply voltage range, the supply 
voltage can be flexibly set according to the applications and where to: 


be used. 


Table 2-1 Comparison of Various Logic Families 


Standard| Low power 
TTL TTL 


wef p 
Noise Immunity (V) 


pe [eT 


Propagation delay time and F/F toggle frequency 
























MO 5 
10V) 


Parameter 
(typical values) 


Low power 


CMOS C 
Schottky TTL ( 


a 







Propagation Delay Time(ns) 
F/F Toggle Frequency (MHz) 


Quiescent Power Dissipa- 
tion (mW) 













As shown by equation (2.12) -in 2.2, the propagation delay time of 
CMOS is proportional to Coyr (load capacitance) and inversely proportional 


to the constant Ky which is determined by design and process. 
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Therefore, in order to make the propagation delay time shorter, it 
is necessary to make Coyr smaller and W/L in design considerations. 


However, since the internal diffusion cpapcitance in CMOS is included 


in Coyt, the internal capacitance increases proportionally to W/L and 


actually the propagation delay time tends to have a limitation. 


In the standard C2MOS ICs the propagation delay time is determined 
by balancing other electrical parameters since there are other limita- 
tions such as the output current and the breakdown voltage causing to 


have larger value than other logic elements as shown in Table 2-1. 


However, the products for specific applications and CMOS ICs 
Having the capabilities of high speed operations for the high speed 
frequency divider are currently being developed, and the speed of 
around 10ns delay per internal stage of CMOS at 5 volts has been 
obtained providing the expectation that the product range of such CMOS 
will be expanded for the systems requiring the high frequency operations 


in the feature. 


Quiescent (Static) power dissipation and operating power dissipation 


In the standard CMOS, when the input holds ae i (Vss) level or "H" 
(Vpp) level, N-channel FET or P-channel FET is kept turned off. So, 
the current from Vpp to Vcgg is limited to the reverse direction satura- 
tion current of PN junction and the surface leakage current caused 
mainly by contamination on the chip surface; consequently, the value 


is only 1nA v 2nA at the normal temperature for gate ICs. 


In the case of other logic circuits except CMOS, when the output 
driving transistor is turned on, direct current flows down from 
Vcc to GND through the load causing the power dissipation in the > 
quiescent state to be approximately equal to the operating power 


dissipation. 
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The operating power dissipation of CMOS can be considered to be only 
the switching power loss which is generated to ) charge/discharge the load 
capacitance while inverting the logical levels, so that the operating 


power dissipation is proportional to the switching frequency. 


104% 10° 


INPUT FREQUENCY (Hz) 





Fig. 2-7 Operating frequency VS Power Dissipation of CMOS/TTL 


Fig. 2-7 shows the relationship between the operating frequency and 
the power dissipation of TTL and CMOS, As shown in the figure, the 
advantages of CMOS will be fully utilized at the operating frequency 
lower than 106Hz. 


(3) Noise immunity 


For CMOS circuits as shown in Fig.2-6, since the device threshold 
voltage is ideally set to the mid-point of supply voltage, the maximum 
noise immunity can be obtained among the various logic devices. It can be 
seen from the same figure that the standard value of noise immunity for 
CMOS is 2 volts (at Vpp = 5V) or 4 volts (at Vpp = 10V), which are 


considerably larger than the value of 1 volt for TTL. 
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(4) 


The device threshold voltage of CMOS, however, is determined by 
On-resistance ratio of channel and N-channel MOS FETs and directly 
affected by the variations of those values. Therefore, the noise immunity 
guaranteed in the catalog of "B Series" products is 1 volt (at Vpp = 5V) 


or 2 volts (at Vpp = 10V), and attention should be paid to this point. 


Fanout 


Since the protection diodes are reversely biased as long as rating 
voltages (Vgg © Vpp) are applied, CMOS input has extremely high DC 
impedance (Rty = 10119). 


Furthermore, since the gate of MOS FET equivalently functions as 
one of electrodes of parallel plate capacitor, AC characteristic 


indicates the capacitive value of approximately 5pF. 


This situation can be illustrated as shown in Fig. 2-8. These 
resistive component and capacitive component are insertes in parallel 


to Vpp side and Vso side. 


Rry 3 1020-104 


Cry 9. o: => Se PP 





Fig. 2-8 Equivalent Circuit of CMOS Input 


Therefore, in order to drive CMOS input, only very little current 
is required electrically to supply or to drain. This fact means that 
the output impedance of normal CMOS is around 200 -— 1K {2 which makes it 


possible to drive the almost unlimited number of CMOS in DC operation. 


However, as the number of fanout increases (n, for example), all 
of input capacitance rn are connected in parallel, increasing the load 
capacitance of output. So, the load capacitance viewed from the driving 


side is, 
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C= as Cin ot Co SG ses Gg ae ta GE Ste alec ie Si Gwe ce ia ed eee ene ied a we ce GA (2.13) 
Co : Stray capacitance generated by wiring, etc. 


and this Cy, causes the propagation delay time to increase. 


Considering these situations, the practical number of fanout for 
C2MOS has been determined to be 50. The fact that 50 fanouts can be 
actually provided eliminates almost all restrictions in the wiring 


arrangements of wired logic circuits. 


3. Basic Circuit of CMOS 
3.1 Positive logic and negative logic 


The difference between positive logic and negative logic is only 
conceptual difference and it can not be said that the positive logic should 


be sued for CMOS. 


The netative logic is easier to consider about P-channel MOS device 
due to the fact that negative supply voltages are used and that FET is 
turned on when negative potential is applied. However in CMOS both P 


channel and N-channel are the driving MOS and also the load MOS, so the 


conditions are same for the positive logic and the negative logic. 


It has been decided that C2MOS family is described in the positive 
logic in the catalog because of the facts that the positive logic is 
easier to handle for the design engineers who are familiar with the design 
works of wired logic circuits especially with TTL and that recently N- 
channel LSI become more and more popular-and the positive logic is more 


convenient for the interfaces. 


In order to avoid any confusion on the positive logic and the negative 
logic of the truth table, the potentially high logic level is described 
to be "H" level and the low logic level to be "L'" level. Therefore, 'H"' 
in the truth table corresponds to "1" of the positive logic and "L" 


corresponds to "0" of the same posotive logic. 
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Table 3-1 Basic Logical Circuits 


NAND Gate 
NOR Gate 
: 
B 
: 
B 


Clocked * 5 DON'T CARE 
Inverter HZ, HIGH IMPEDANCA 


* § DON'T CARE 


Transmission 


HZ; HIGH IMPEDANCE 
Gate ’ 


EXCLUSIVE~OR 
Gate 
EXCLUSIVE-NOR 
Gate 





D- Type 


Flip - Flop 


* 5 DON'T CARE 
2. 5 NO CHANGE 


J/K Type 


Flip - Flop 
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3.2 Basic logic circuits 


The basic logic blocks used in C2MO0S are shown in Table 3-1. The logic 


diagrams illustrated in the technical bulletin of each product and the logic 


diagrams in this manual are configured by the basic blocks shown in 


Table 3-1. With partial exceptions, these logic diagrams are based on 


MIL-STD806(C). (Special symbols are used for the clocked inverter, 


transmission gate, etc.) 


3.3 Configuration of basic circuit 


(1) 


NAND/NOR 


CMOS NAND gate, as illus- 
trated in Fig. 3-1 i), is formed 
by connecting P-channel FETs 
in parallel between Vpp and the 
output and by connecting N- 
channel FETs in series between 


Vss and the output. 


When both inputs A and 
B are "H", both of N-channel 


FETs in series are turned on, A >: 
, B 


causing the impedance between X 


the 





and Voss to be low. At this time, I) NAND GATE II) NOR GATE 


both of P-channel FETs are turned 


off cutting off X from Vpp- 


Fig. 3-1 NAND/NOR Gate 


Therefore, the output becomes nearly equal to Vss generating "L" level. 


In the case of other input modes, at last one of P-channels FETs is 
turned on and one N-channel FETs are turned off causing the output 


"H" level. 


NOR gate of ii) in Fig. 3-1 is fabricated in the reversed way 


gate i) to generate "H" output only when both of inputs A and B are 


3] 


to be 


of NAND 
a (es 


The gates with 3 inputs or more can be realized with the same configura-~ 
tion simply by increasing the number of stages of P-channel or N-channel 
FETs in series or in parallel. In the case of c2mos up to around four 
inputs the device can be configured with one stage, but the gates with 


more inputs are realized by combining the basic circuits. 


AND/OR 


Since the output is always inverted by one stage of CMOS gate, AND 
gate and OR gate are realized by adding an inverter to the output of NAND/ 
OR of (1). 


Therefore, it is important for CMOS MSI/LSI to effectively combine 
NAND/NOR rather than to fabricate the gates with AND/OR, in order to reduce 


the number of elements. 


Transmission gate 


Fig. 3-2 illustrates the basic circuit of transmission gate. 
This circuit provides the function of reed switch which transmits the data 
when both of P-channel and N-channel are "ON" (c="H") and separates the 


output from the input when those are "OFF" (C="L"). 


Since both of P-channel and N- 
channel are used, the capability of 
cancelling the back gate bias effect is 
one of advantages and the capability of 
keeping the low impedance over the wide 
signal range of Vgc Vv Vpp is another ad- | 


vantage. 





The applications would be as follows. 


Fig. 3-2 Transmission Gate 


i) Switching functions of sequencial 


circuits, such as shift registers, counters, etc. 


ii) Analog switches iii) .3-stage gates* 
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*3-state gates: 3-state is named for the capability of providing three 
states of output which are normal "H", normal "L" and high impedance 
condition not being connected to Vpp or Vgs, namely not "H'" nor "L", 
This characteristic can be applied for the intervace with bus line of 


process control systems and multiplexers. 


Ciocked gate 


When a delay circuit or a switching circuit is 
required, the transmission gate is usually used. 
However, this circuit has a disadvantage that the 
pattern becomes more complicated with increased area 
when the circuit is to be integrated in LSI. The 
one which overcomes this disadvantage keeping the 


characteristics of conventional transmission gate 





is the clocked gate (clocked inverter) shown in 


Fig. 3-3. Fig. 3-3 Clocked Gate 


Q2 and Q3 are normal configuration of inverter, however by serially 
inserting Q] and Q4 in the circuit, the function of normal inverter can 
be obtained when Q] and Qy4 are "ON" (¢="H'') and the output has high im- 
pedance when Q] and Q4 are "OFF" (¢="L"). 


Although this circuit does not have 
the functions of analog switch, all the 
other functions of transmission gate 
are provided. 


I) EXCLUSIVE OR 
If the concept of this clocked 


inverter is expanded, clocked NAND and 


clocked NOR can be realized. 


Exclusive OR/Exclusive NOR 


II) EXCLUSIVE NOR 





Exclusive OR is also called 
coincidence circuit which gives the Fig. 3-4 Exclusive OR/NOR 
output of "L' when all the inputs are at "H" or "L" level and gives the 


output of "H' when at least one of inputs differs from others. 
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Exclusive NOR is the one with the inverted output of the above ex- 
clusive OR and gives the output of "H" when all the inputs coincide at 


"H" or "L" level. 
Fig. 3-4 illustrates the configurations of these circuits. 


(6) D-type flip-flop/ J-K type flip-flop 


These will be explained in the chapter of Flip-Flops. 


4. Maximum Ratings and Recommended Operating Conditions 
4.1 Maximum ratings 


The maximum ratings are specified for each c2Mos product. Nor only 


for C2M0S, the maximum ratings are the values which should not be exceeded 


in order to guarantee the life and the reliability of integrated circuits, 


and usually considered to be the absolute maximum ratings. 


The absolute maximum ratings are the values which may not be exceeded 


even for a short instance and none of any rating values may not be exceeded 


When the circuits are used exceeding the maximum ratings, their character- 


istics may not be recovered and in extreme cases permanent damage may be 


resulted. 


Therefore, when a circuit is designed, extreme attention should be 


paid to variations of supply voltages, characteristics of connected com- 


ponents, surges of input/output signal lines, environment temperature, etc. 


Table 4-1 lists the common maximum ratings of B series c2Mos. 


When the maximum ratings of each product differ from the common ratings, 


the former takes precedence. 
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Table 4-1 Common Maximum Ratings of B Series C2MOS 
















DC Supply Voltage 
Input Voltage 


Output Voltage 






: [oe 
fat eine [nn | arenes | 


DC Supply voltage 





DC Input Current 


This is DC supply volt age applied between Vpp terminal and Vss ter- 
minal. Usually biased to satisfy Vpp >Vgg and the reverse bias due to the 
undershoot of DC power supply, etc. should be limited to -0.5 volts. 

If higher voltage than this vlaue is given in the condition of Vssg >Vpp, 
the parasitic diode D7 shown in Fig. 2-4 is forward biased causing ex- 
cessive current to flow from Vgg to Vpp and in extreme cases, the element 


may be damaged. 


The upper limit of 20 volts is established based on the breakdown 
voltages of parasitic diodes and transistors of various circuits, and the 
value should never be exceeded. If voltage applied exceeding the rating, 
CMOS device may reach to the secondary breakdown region of latch-up, etc. 
from the primary breakdown region. Since Vss is set to GND (0 volts) in 
most cases, the voltage of Vpp terminal should be considered to be in the 


range of -0.5 % 20 volts. 


Input voltage and output voltage 


The electrostatic protection diodes are inserted in the input as shown 
in Fig. 2-3 and Fig. 2-4. These diodes are not installed to absorb the 


current fed from outside but installed to protect the input oxide film from 
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the destruction caused by electrostatic charge. Therefore, the input 
voltage is limited to the range that input protection diodes are not 
forward biased. The lower limit is VSS -0.5 volts and the upper limit is 
Vpp +0.5 volts. 

The output terminal is used usually to drive CMOS and other electro- 
nic components and although any voltage is not applied from outside, situa- 
tions where the voltage transiently varies due to the external surge | 
or driving of a capacitive load or an inductive load may possibly exist. 
If the output voltage exceeds the range of Vgs-Ypp in this case, D4 and 
D6 of Fig. 2-4 are forward biased causing excessive current to flow from 
the output to VDD or from YSS to the oupput. 

As this current possibly causes primary damage of opening the out- 
put line and secondary damage of latch-up, the output voltage is simi- 
larly as the input specified as a rating to be in the range of Vss - 0.5 
volts ~ VDD + 0.5 volts to prevent the parasitic diode to be forward 


biased. 


DC Input current 


This item may seem to be contradictory with the rating of input 
voltage (2), but this indicates the critical value at which the input 
protection diodes and other elements will not be destroyed or degraded 
when voltages exceeding the ratings are applied due to surges caused by 
interfaces. Therefore it is not recommended to design circuits which 
flow DC current through the input protection diodes. Even when it can 
not be avoided to apply voltage causing current to flow to the input, 


the current should be limited to 1 mA or less. 


Power dissipation 


As far as CMOS is used in a normal manner, the power dissipation 
is extremely small not causing any problems concerning the allowable 
loss. However, When LED is driven or big current is driven by the buffer, 
power is éGneuned in CMOS. For c2M0s, the power dissipation is spec— 


ified to be 300 mW* per package. (* ; Except Mini Flat Package.) 
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Since the power dissipation in the internal circuit can be neglected for 
C2MOS in most cases comparing with that of the output stage, the power 


dissipation can be calculated only considering the output stage. 


(5) Storage temperature range 


This indicates the ambient temperature at which degradation of 
characteristics or reliability is not resulted even if the products are 
exposed in the environment for long time without applying the supply 
voltage. In the case of c2MOS, the storage temperature range of 


-65°C ~ 150°C is specified as the rating. 


(6) Lead temperature and time 


These are conditions which should be limited when soldered after 
mounting c2MOS on the printed circuit board. Regardless whether a solder 
pot is used or a soldering iron is used, the lead temperdture should be 
limited up to 260°C and soldering 
Sheuld be completed within 10 sec. 
When a solder pot is used, the area 
which is allowed to dip into solder 
is up to the stopper of IC lead 


frarne: 





4.2 Recommended operating conditions 


Fig.4-1 External appearance 


These are the ranges where the 
operations of c2M0S IC are guaranteed and when the ranges are exceeded 
the operations are not guaranteed even if such ranges are inside of 
the maximum ratings. Therefore, it is important to use the products 


inside of these ranges. 
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(2) 


Table 4-2 Common Recommended Operating Conditions of C2MoS(YSS=oV) 








Table 4-2 lists the common recommended operating conditions of B 
series C2MOS. When the recommended operating conditions of each product 
differ from the common recommended operating conditions, the former 


takes precedence. 


DC supply voltage 


“Wide range of operating DC supply voltage, 3 volts ~ 18 volts 
from VSS is guaranteed for B series C2M0S. The lower limit of 3 volts is 
determined by Vt of P-channel and N-channel FETs and when the voltage 
becomes lower than this value, VGS gets so small that the normal 
operations of CMOS can not be expected. The upper limit of 18 volts is 


determined by the breakdown voltage. 


cane 
Operating temperature range 


This is the temperature range where the normal operations and 
characteristics of IC are guaranteed. The operations of B series C2MOS 


are guaranteed in the wide range of -40°C ~ 80°C. 
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Table 5-1 Static Electrical Characteristics of TC4001BP (Vss=0V) 


| CHARACTERISTIC SYMBOL| TEST CONDITION |V 
( 


]Iour |<lua 





-40°C 









High-Level 


Output Voltage VOH 








Vin=VSs;Vpp 











} Tout] <1luA 





Low-Level 


Output Voltage VOL 


Vin=Vss,Vpp 









VoH=4.6V 
VoH=2.5V 
VoH=9.5V 
VoH=13.5V 





Un bh HB <a 
min oOo NONjun Oo WIw~d 












Output High 
Current 




















Vin=Vss;Vpp 





































Vout=0.5V 5 3.5) 2.75 
Input High on VoutT=1.0V 10 70 555 
Vorrase VouT=1.5V, 13.5V) 15] 11.0 11.0] 8.25 

lIIour | <1luA 

Vout=0.5V, 4.5V te) 2a29 
Input Low Wa: VouT=1.0V, 9.0V | 10 
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VoyutT=1.0V, 13.5V 


Voltage 
|} Iout | <1uA 
H 
Input Level VIH=18V 
Current |"L" 
VrL=0V 18 


Quiescent 
Device Current 















Aa 
© 


in 








a 
© 


ViIn=Vss,Vpp 
* 






a 
wn 
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D4 


Dis 


Static Electrical Characteristics and Dynamic Electrical Characteristics 


1 Static Electrical characteristics 


Table 5-1 lists the static electrical characteristics of TC4001BP. 


Excluding the products with special specifications, the guaranty of 
static electrical characteristics and the specifications are standardized, 


so that each characteristic of TC4001BP (QUAD 2-INPUT NOR GATE) will be 


explained here. 


(1) High-level output voltage/low-level output voltage (Voy/Voy ) 


Fig. 5-1 illustrates the test circuits of Vgy/Vo;. Each input terminal 
is connected to Veg or Vpp to get the specified logic level at the output. 
When the output level can not be determined in the cases of counters, etc. 
the output logic is determined by applying pulses in advance. Since the 
load conditions are Igg=-1yA and Ip;=1uA, and the measurement is taken in the 


region where Ing of FET is extremely small, usually Voy =Vss, and VoL=Vss- 





VDD VpD oV Dp 
—= Inq=- lua —<— Ip, =1H#A Ip, =1HA 
r Vou VoL Vou 
Vss | | “Vg Vss | 
I) Voq TEST | II) Voz, TEST TIT) Voz, TEST 


Fig. 5-1 Test Circuits of Voy/VoL 
In the cases of interfacing CMOSs each other, the input/output conditions 
will be approximately equal to the above values. This fact indicated that 
the switching operation gives the ideal swing from Vsg for "L" level of 


logic signal to Vpp for "H" level in CMOS circuits. 


(2) Output high current / Output low current (Ion. Ig) ) 


Fig. 5-2 illustrates the test circuits of I9y/I9,;. The input condi- 
tions are set in the same manner as for measuring Vou/Vo;,- In this case, 
connecting a constant supply voltage to the output to be measured, the cur- 


rent flowing out (Io9q) through P-channel FET is measured for high level 
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Fig. 5-2 Test Circuits of Lon/loz 


output and the current flowing in through N-channel FET is measured for low 
level output. These currents are guaranteed at one point in the non- 
Saturation region (also called triode region) of each FET, and the minimum 
values are guaranteed in the specification table for both Igy and Io 1. 


These can be a guidance to achieve current driving by CMOS output. 


Input high voltage / Input low voltage (VzH/VIL) 


Fig. 5-3 illustrates the test circuits of Vyy/Viz. Vyy and Vyyq, are 
the voltages which can be recognized as "H" level and "L" level at the 


input of IC being measured, and the minimum value is guaranteed for V{q 





Fig. 5-3 Test Circuits of Vyy/Vqz 


and the maximum value is guaranteed for Vyz,;. Whether or not IC being 
measured has correctly recognizes the input level is confirmed by the fact 
that the output level is at the specified level (higher than Voy or lower than 


V listed in the measurement conditions). 


OL 


4] 


(4) 


Hihg-level input current/low-level input current (Iyy/Iq1) 

The input current in 
the range of the ratings of 
CMOS is considered to be the 
sum of the reverse current 
of input protection diode 


and the sutface leakage cur- 





rent. Since both of these 
Vv Teo 
leakage currents are extreme- 


igagnail ac Phe nesses, Cae Fig. 5-4 Test Circuit of Iyzg/Iqz, 
perature {1072 9 10 Can the operating maximun voltage is applied for 

the tests. However, the specified value of 1t0.3uA (maximum) is guaranteed 
considering stability of automatic testing. Other inputs except one being 


measured are usually connected to Vgs for testing Viy and to Vpp for testing 


VIL 


Quiescent device current (Ipp) 


When CMOS input holds Vpp level or Vgs level, as described in the 
paragraph of Features of CMOS, P-channel FET or N-channel FEI is always 
turned off. So, the quiescent device current is total of the reverse 
leakage currents at PN junctions in the chip. This value is also extremely 
small at room temperature reaching only.1 nA (1072 A) (standard value at 
Ta=25°C, Vpp=5V) for gate IC. Since this quiescent device current is 
guaranteed over all possible combinations of logic conditions of input pins, 


the combinations will be of very large number and usually such quiescent 





Fig. 5-5 Test Circuit of Ipp 
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device current is guaranteed at the point where the distribution is 
higher than the actual situations taking a certain degree of margins 


for test precision and test method. 


Fig. 5-5 illustrates examples of test circuits of Ipp. Since Ipp with 
both of two inputs holding "H" can be estimated by measuring at the condi- 


tions i1) and iii), the test is omitted in many cases. 


(6) 3-State output leakage current (Ipy/Ip,) 


This characteristic 1s not required for TC4001BP but it is required 
for the products having 3-state output and the products with open drain 
to specify the leakage current when the output is placed in the high 


impedance state. 


Ipy is the leakage current when the signal of "H" level is applied to 
the OFF output and Ipy, is the leakage current when the signal of "L" level 


1s applied. 





Fig. o-6 Test Circoit of dj5/1pt 


Fig. 5-6 illustrates the test circuits of 3-state output leakage. 
Naturally, the inputs are connected to generate the high impedance state 


at the output to be measured. 


5.2 Dynamic electircal characteristics 


The dynamic electrical characteristics are to guarantee the transient 
characteristics of C2MOS and specified with the load capacitance of 50pF 


at the ambient temperature of 25°C. 


As the test circuits and the test waveforms are described in the 
technical material for each product, only the basic characteristics 


are explained here comitting the detail explanations. 


(1) Conditions of applying input pulse 


Unless otherwise specified, pulse swinging completely from Vgg to 
Vpp shall be applied as the input waveform. The rise time and the fall 
time are the time required for the waveform to vary from 10% to 90%, and 
both of tr and tf are adjusted to 20ns. (Fig. 5-7) 
(2) Output transition time (tr) y/try ) 
The output transition time are the time required for the waveform 


swining from Voy to Voy, to vary from 10% to 90%. (Fig. 5-8) 


INPUT OUTPUT 


WAVEFORM WAVEFORM 





Fig. 5-7 Input Conditions Fig. 5-8 tppy/trHy 
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(3) Propagation delay time (tp) 4/tpy ) 


These are the propagation delays from the time when signal is given 
to the input of IC being measured until the output responds. The time 
delay from varying the input level to the output to respond varying from 
"L" to "H" is called t and on the contrary the time delay required 


PLH 


for the output to vary from "H" to "L" is called t In practice, 


PHL- 
however, since the circuit threshold voltage of CMOS is 1/2.Vpp (theo- 


retical value), the time delay is specified to be the time period between 


A4 


50% point of the input waveform to 50% point of the output waveform . 


(Fig. 5-9) 


It may be easy to understand concerning the gate ICs since the 
measurement conditions are less complicated, but MSI has higher number 
of input/output terminals and the delay time is specified designating 


the input pins and the output pins. 


Minimum pulse width (tw) 


The counters and the registers have the reset and the preset inputs 


to determine the initial state in many cases. 


The minimum pulse width is the critical value of pulse width with which 
these terminals recognize it as the normal signal, and since the maximum 
value of distribution is specified, it is required to apply pulse with 
the width wider than the value. The pulse width is specified by the time 
period between 50% point of the leading edge and 504 point of the 


trailing edge. 


Maximum clock frequency (fc, ) 


This is the maximum clock frequency at which the flip-flops and the 
counters perform normal operations, and the minimum value of distribution 
is specified. It is required to design applications with the condition of 


the minimum value or lower of the value specified. 
Unless otherwise specified, the duty cycle of clock input is 50Z,. 


Maximum clock input rise time/fall time (trcL/teg ) 


When the clock input waveform of a sequencial circuit, such as flip- 
flop or counter becomes dull, the possibility of racing or mis~counting 
(abnormal counting operations) arises. The critical values of toer and 
Eeap are specified in the catalog and the clock inputs having rise time 


and fall time shorter than the minimum value are required. 
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(7) Minimum data set-up time (tsy) | 


The outputs of flip-flops and shift registers are determined by 
the conditions of data inputs at the time of clock input transition. 
Therefore, if the transitions of clock and data input occur at the same 
time, the output may not be definite, so that the data inputs require 
to be settled before the transition of clock input, and this required 


settling time is called minimum data set-up time. 


The maximum value of distribution is specified in the catalog and 
1t is required to keep the set-up time longer than this value for ap- 


plications. 


Cautions on Handling 


By reason of its configuration, c2MOS IC behaves itself in the manner 
different from Bipolar Logic centering around the conventional TTL. 
Although c2M0S IC has many advantages over TTL, unsuitable method of use 
may result in the failure of full use of these advantages. In this chapter 
explanation is made on the cautions in handling C2MOS IC and the cautions 


in designing circuits by using c2Mos IC. 


6.1 Configuration of c°Mos necessary to know before handling and designing 


c2M0S IC input is connected to the gate electrode of MOS configuration 
having extremely thin oxide. As shown in Fig. 6-1, MOS configuration is de- 
fined in general as the sandwich - 
configuration consisting of metal, 


oxide and semiconductor. 


The thickness (tox) of oxide 
insulator located directly under 


the gate electrode is usually as 





thin as 0.1~0.2u; therefore, even 
Fig. 6-1 MOS Configuration when the voltage of 100V~200V is 
(Example of P-Channel MOS) applied between gate and N-sub- 

strate the electric field strength of oxide insulator just under the gate 


reaches as large as 10/V/em, causing dielectric breakdown by discharge. 
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For protecting the gate from the above-mentioned dielectric breakdown. 
TOSHIBA C2MOS IC is provided at each 


input terminal with the protective cir- 


Vpp 


cult consisting of diode and resistor 

pee Di as shown in Fig. 6-2. According to the 

EN PUL O TO: IN PUT : ; 

TRRMINAT, ri He same figure, the voltage applied to the 
D2 input terminal is clamped by Dj and D9 

at Vpp and Vss, whereby the input gate 


1s protected. However, the input pro- 





tective circuit has its limit. 


Fig. 6-2 Input Protection Circuit 


As an example, the static electricity remaining in the fibers by the 
friction of fibers and needle of injustrical sewing machine for synthetic - 
fibers or that generated by men and women walking on a carpet may reach 
several kV-~ some dozen kV, though the voltage differs depending on relative 


humidity and surface condition. 


The above-mentioned static electricity is stored in the storing case of 
fibers or in human body, which is equivalent to the fact that the above- 
mentioned voltage is charged to the electrostatic capacity or human body 
capacity (200 ~ 300PF). When this 
electric charge discharges to C2MOS 
input, it is transformed into the energy 


sufficient to break down C2MOS input. 


In addition to the input protective 
diode, parasitic diodes are formed be- 


tween each terminal in c2Mos IC, and all 





5 these diodes are of inverse bias at the 
Fig.6-3 Parasitic circuit of C“MOS eC eeieses thie iene PaaS: 
However, when the voltage exceeding the max. rating is applied between each 


terminal, excessively large current flows to these diodes. 


Fig. 6-3 shows the parasistic circuit formed between each terminal of 
c*mMos IC. In same figure, Dj and D9 are the input protective diodes, D3 is 


the diode formed by P-well diffusion, D4 is the diode by the drain formation 
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of P-channel MOS FET, and Ds is the diode by the drain formation of N-channel 


MOS FET. S is the parasistic thyristor formed between each diffusion area. 


For example, when the voltage exceeding the range of Vsg ~ Vpp is applied 
to C2MOS input or output and the excessively large current flows to these 
diodes, firstly the fusing of input and output wiring or power supply wire 
will occur and secondly, short-circuit phenomenon between Vpp ~ Vgg (this is 
generally called the Latch-up, resulting in fusing of power supply wire as 
the destruction mode) will be induced by the "ON" working of parasistic 


thyristor. 


Therefore, it is necessary to use the voltage on input and output 


terminals within the rating without fail. 


Cautions on Handling CéMOS IC 
7.1 Transportation and storing 


The input and output of C2MOS IC which is not actually installed are 
in the state of high impedance. It is, therefore, necessary to protect 
the C2MOS IC from the external electric stress, such as the discharge 


from ambient charged body, the induction from space electric field, etc. 


Therefore, in transporting and storing C2MOS IC, it is necessary to 
use the conductive mat, metallec box, the box lined with aluminum foil, 
etc. so that each terminal of IC may become the same electric potential. 
TOSHIBA C*MOS IC is inserted in a magazine given no-charging treatment 
at the time of shipment, do not take it out from the magazine unnecessarity. 
Especially, avoid to use plastic or vinyl container which is apt to charge 


static electricity. . 


Store the IC at the location where it is not exposed ro the direct 
sunlight. Pay careful attention to store at the location of the relative 


humidity which should be neither extremely high not extremely low. 
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Acceptance inspection 


In case of conducting acceptance test on c2Mos IC, first of all it 
is necessary to ascertain that there is 

no transient phenomenon as overshoot or 
undershoot etc. between each terminal of 
test system by using synchroscope. Next, 
conduct test by using the calibration IC 
for ascertaining that there is no error in 
the test program. In the case of giving 


test pulses, it is necessary to give input 





Fig. 7-1 Grounding signal after turning on the power supply. 


It 1s necessary to take out the IC on the grounded work table. In 
conducting the test, ground the test system and inspector. For prevent- 
ing the electric shock accident by the electricity leak from electric 


equipment, ground the inspector through approx. 1M? resistor without fail. 


Be sure to turn off the power supply when IC is inserted in IC socket 
or IC is drawn out of the socket. The accedent of test system may give 
fatal damage to IC. It is, therefore, advisable to carry out the self- 


diagnosic program in advance before test. 


Assembling 


As mentioned in 2.2, in case : installing CMOS IC on the printed 
base board, it is necessary to make protection from the static electricity 
by grounding electric equipment, work tables (desks), and work men. It 
is advisable to ground a work table by putting metal plate or aluminum 
foil on the surface. Refrain as practicable as possible from wearing 
chemical fiber work cloth. Electricity leak from electric equipment 
shall be prevented by reason of safety. So, it is necessary to perio- 


dically check to see that there is no leak in the electric equipment. 


In case of shaping the lead frame for installing IC, 1t is recommended 
that pincette and other jigs be used for preventing the stress from being 
imposed on the root. 


It is ideal that the jigs are grounded. 
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7.4 


1s 


Soldering and cleaning: 


In case of carrying out soldering by using soldering iron and solder- 
ing tank, perform the soldering work within 10 seconds at the temperature 
260°C below. It is confirmed that TOSHIBA C2MOS IC has no problem on 
reliability even in case the temperature stress is given to the stopper 


or lead at 260°C for 10 seconds. 


Use the soldering iron with no leak on its tip. It is advisable 
to use A class soldering iron, the dielectric resistance of which 1s 


over 10 Mf. 


In using the soldering tank, it is necessary to ground the tank for 
preventing the unstable electric potential. After soldering IC to a 
printed base board, for removing flux and others, accelerating cleaning 


method is adopted in many cases by using detergent and ultrasonic wave. 


In this case, full attention should be given to the selection of 
solvent so that the cleaning may have no influence on the outer case and 


mark of C2MOS IC. In general, it is advisable to use FUREON series. 


In the ultrasonic cleaning, consideration should be given to the 
cleaning method so that the main body may form a shadow to the oscillator. 
This is for preventing IC and base board from the stress by resonance. 

At the same time, concideration should be given to the cleaning time which 


shall be within 30 seconds 


Adjustment and test 


In conducting adjustment and test of set on completion of printed 
base board, before turning on the power supply it is advisable to ascertain 
that there are no errors in polarity and others of power supply, etc. 
As to the printed base board, ascertain that there are no solder bridge, 
cracks, etc. Usually, the c2mos system requires only a small supply 
current, so that the abnormality of system can be checked, from the | 
excessive supply current. In case of conducting test by using the com- 
mercially available constant-voltage power supply, it 1s recommended that 


the current limit be imposed on the power supply. 
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For the system consisting of severil sheets of printed base boards, 
the printed base boards should be drawn out of and insert in the mother 
board for checking the system. In this case, the work shall be made after 


turning off the power supply. 


In observing each part of printed base board with an oscilloscope at 
the time of test, it is necessary to ht careful so that the tip of probe 
may not contact other signal wires and stipply wire. In case the location 
to be observed is decided in advance, it is one of the methods to stand 


the test pin for exclusive use. Do not lead out this test pin directly 
from the signal wire. It is advisable to protect c2MOS circuit from 
static electricity and erroneous connevtion by inserting over 10K re- 


sistance in series. 


In case of conducting test at hisl temperature and low temperature, 
it is necessary to ground the thermost:tic oven. The set in the oven 


should be installed on the conductors. 
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8. 


Mini Flat Package (MFP) CMOS 


8.1 


Features and Applications 

When compared with existing DIP, Toshiba MFP c2M0S IC has the 

following features: 

o Small in size and a space factor at time of installation can be 
made small. 

o Installation to thin type equipment is possible 

o It is possible to assemble to both sides of a printed base board. 

In addition, when compared with use of IC chip, MFP c2M0S IC has 

the following features: 

o Easy to handle and reliability is improved. 

o It becomes easy to automate the assembly process... 

o Easy to replace defective parts. 


o Electrical characteristics guaranteed at the same level as DIP 


assure safe use. 


o Dimensions are in accordance with EIAJ General Provisions. 


TOSHIBA MFP C2MOS IC Family can be used for not only hybrid IC but 
also various equipment having limited printed base board area, set 
weight, thickness, etc. In addition, it will become possible to 
use MFP C2MOS IC Family on cquipment in the fields to which the ap- 


plication was not feasible so far. 


© Hybrid ICs o Portable measuring instruments 


o Portable VTRs o Electric/electronic instruments for 
motor cars 


o Video cameras o Small-sized business machines 
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Se 


o Hand-held computers o Cameras 


o Remote & radio con- o Telephones 
trol equipment 


o Various equipment o Others 


Structure 


Shown in Fig. 8-1 is the internal structural diagram of MFP c2MOsS 
Ic. IC chip is attached to the central section which is called 

the bed, and is connected to the load frame from the electrode on 
the chip by Au wires. The enclosure is transfer molded by epoxy 


resin. 


The lead frame is tinned, allowing the easy soldering in install- 


ing a substrate. 
Fig. 8-1 Internal Structure (In case of 16-pin IC) 


BONDING WIRE 


Ic PELLET 





LEAD 
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8.3 


8.4 


Product Name 


MFP C2MOS IC product is named in accordance with general plastic 
type DIP product name, but the last character (alphabet) of pro- 


duct name is changed from “P" of plastic to "F" of Flat. 


Example: TC4011BP ~~ TC4011BF 


‘However, "TC" is omitted for the marking on actual ICs for the 


limited space. Therefore, please order ICs under formal product 


names as exampled in the above. 





BRAND LOT NO. 







~T 8401H 


4011BF 





SIMPLIFIED PRODUCT NAME 


Comparison with Standard DIP (miniaturized effect) 
Miniaturized effect of the mini flat package (MFP) when compared 


with the standard dual in-line package (DIP) is shown in Fig. 8-2. 


When MFP C2MOS IC is used, it is possible to make a printed base 
board small in size and light in weight to 1/2 in occupied space, 


1/2.5 in height and 1/5.5 in weight. 
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Fig. 8-2 Comparison of DIP and MFP CMOS IC 
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8.5 Maximum Ratings and Electrical Characteristics 


(1) 


(2) 


(3) 


Maximum ratings 


The maximum ratings of MFP c2MOS IC are the same as those of 


ordinary DIP products except power dissipation (Pp). 


Electrical characteristics 


The electrical characteristics of MFP c2Mos IC are the same as 


those of ordinary DIP products. 


Power dissipation (Pp) 


The enclosure of MFP CMOS IC is small, and the power 

dissipation during the natural radiation is as less as 180 mW 

(at 85°C). Shown in Fig. 8-3 is the power dissipation character- 
istic of MFP C2MOS IC. Since heat radiation from leads to a 
substrated becomes large when actually mounted, the power dis- 
Sipation may be larger than that of a single unit. It is, 
however, necessary to examine the actual heat radiation of MFP 


c2Mos IC thoroughly with it actually mounted. 


However, power consumption of MFP c2Mos IC when not in operation 
is minimum for its structure and even when in operation, it is 
possible to suppress power consumption below several tens mW 
unless an extermely severe method of use is employed, for in- 
stance, to drive large current by its output. Therefore, except 
special cases, it is considered not necessary to take much care 


of power dissipation. 
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Fig. 8-3 Power Dissipation of MFP c2mMos IC (14/16 pins) 
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8.5 Mounting Method 


To mount MFP C2MOS IC, the conventional mini-mold transistor/super 
mini~mold transistor mounting methods can be applied. Various 
mounting methods are available for selective use according to 


purpose. 


(1) Reflow soldering method 


The reflow soldering method is the most general method for 
mouting chip components (resistor, capacitor, transistor, etc.) 
on a substrate and needless to say, can be applied to MFP 


c2MOS IC. 


of 


(2) 


In the reflow soldering, a preliminary soldering and flux are 
applied to a printed base board in advance. Further, a printed 
base board may be applied with solder paste selectively in the 
screen printing. In the preliminary slodering, flux may be 
applied to the terminal side of IC instead of a printed base 


with a brush or sponge. 


ICs are temporarity fixed at: fixed locations by flux or solder 
paste. If it is desirable to temporarily fix ICs more quickly, 
fix ICs by applying a small amount of bonding agent on their 


back sides. 


Then, when a substrate with component parts fixed temporarily 

is passed over a hot plate or through a tunnel kiln, or conveyor 
type heater, the solder preliminary applied is melted (reflow) 
and the soldering is made. Maximum allowable on risin and lead 


part is 260°C, and allowable time period is 10 second. 


Wave soldering method 

Wave soldering is the most popular method to assemble dual inline 
devices. 

In order to apply this method to MFP, following procedure is 
usually taken. 

A package is fixed on the printed circuit board using an adhesive. 
After handling the board upside down, that board is putted on the 
flowing solder, Maximum allowable temperature of solder is 260°C, 
and allowable time period of dipping is 10 second. 

During this soldering, the circumference of the molded package is 
completely filled with solder. 

As the thermal shock of a package is worth than the other method, 
shorter soldering time and lower solder temperature is recommended. 
Pre-heating is also effective befor wave soldering process in order 


to reduce the thermal shock. 
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(3) 


(4) 





Method by soldering iron 

A package is fixed by flux, bonding agent, etc. using a soldering 
iron with the thin finished tip and a thin solder of 0.5mm¢ or 
below. The soldering work with a soldering iron shall be performed 
within 10 seconds at 260°C or 3 seconds at 350°C or below. 

This method is not suited to mass production but is used for 


experiment and repair. 


Conductive paste method 

This method uses conductive paste instead of solder for installing 
component parts. 

This paste is epoxy resin with gold or silver mixed. First, apply 
paste to the contact section, arrange component parts and leave 


them for 1 to 3 hours at 100 to 150°C for curing. 


However, when compared with the method using solder, this method 


has the weakness in reliability of adhesion and therefore, it is 
necessary to take the utmost care. 
Shown in Fig. 8-4 are examples of flowcahrts in various mounting 


methoes. 


Fig. 8-5 shows the Maximum temperature profile at soldering process. 
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Fig. 8-4 Various Mounting Flowcharts 
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Fig. 8-5 Maximum Temperature Profile at Soldering 
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8.7 Mount Pad Dimensions (for 300 mil type) 


An example of size of mount pads for MFP c4MOS IC is shown in 


Fig. 8-6 for reference in designing printed base board. 


This size is in accordance with EILAJ General Provisions. 


Fig. 8-6 Diagram of Mount Pad Size 
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8.8 Cautions for Use 


For effective use of MFP CMOS IC it is necessary not only to 


strictly observe instructions (handling, static electricity, etc.) 


for use of ordinary DIP package c2M0S IC but also to pay attention 


to the following points. 


(1) 


(2) 


Tmeperature at time of soldering 


IC is exposed to high temperature at time of soldering. 
Basically, however, the soldering can be carried out at lead 
temperature 350°C for 3 sec or less in case of the soldering 
iron method, and at atmospheric temperatures on the resin sur- 
face 260°C for 10 sec or less and lead temperature 260°C for 

10 sec or less in case of the reflow method, and flow soldering 


method. 


However, except an unavoidable case it is desirable to use a 
method to complete soldering in a short time as could as possible. 
In case of infrared reflow method, the mold body temperature may 
be higher than the lead temperature. Therefore temperature 


control should be done observing mold body temperature. 


Type of flux and cleaning 

Flux in activated resin composition is most extensively used for 
soldering. It is recommended to avoid use of chloric flux as 
reliability may be adversely affected by residual chlorine, etc. 
If sholdering flux is left, leads may be corroded, marks on IC 
may become hard to be read and other troubles may be cause, and 
it is therefore necessary to wash and remove flux completely. 


It is advisable to use FUREON Series solvents for cleaning. 
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(3) 





Formation of leads 


Leads of MFP C2MOS IC are formed in the L-shape to facilitate 
mounting to a flat substrate. If they are straightened, their 


strength can be reduced. 


Further, if stress is applied to leads and they are deformed 
during they are handled, it is more difficult to reshape them 


to the original shape than ordinary DIP type IC. 
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9. Cautions on Desianing Circuits 
9.1 Input processing 


As the input of CMOS IC is very 
high impedance (Rtn = 10!22), the 
logic level is not constant in the 
open state. In this case, if the 
input is in the medium level, both 
P-channel and N-channel transistors 
are in the state of connection, 
whereby the unnecessary supply 


current flows. 


( * DISUSED GATE ) 





Therefore, be sure to connect 
the unnecessary input line to Vpp, 
Uss or other input/output wires, for which logic level is decided, as 
shown in Fig. 9-1. Unstable contact of soldered parts causes erroneous 


working of CMOS system or increase in supply current. Therefore, care 


should be taken to wiring. 


CHRAMIC CAPACITOR 0.014F ~ O01 HF 


TANTALUM (ELECTRIC FIELD) CAPACITOR 
LO“MF~ 1OOu4F 
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Designing power supply 


In general, CMOS is small in current dissipation as compared with 
other bipolar digital IC; therefore, it can be used by the small capa- 
city power supply. By reason of its operation, however, CMOS consumes 
electric power in the form of spike. This makes it necessary to make 
the high-frequency impedance of power supply lower. Concretely speaking, 
it is necessary to make supply (Vpp) wire and GND (Vss) wire thick and 
short and insert 0.01uUFVO.1uUF capacitor as the high-frequency filters 
in the inportant areas between power supply and GND on the printed base 
board. As to the low-frequency filter. 10LF% 100uUF/printed base board 
will do for the purpose. Fig. 9-2 shows an example of printed base 


boards. 


And average supply current varies considerably depending on such 
factors as the working frequency, load on capacitor, supply voltage, 
rise and fall of input signals, etc. Therefore, particular attention 
is required in the case of driving by simple power supply of Zenor 
diode of battery driving. In case there are overshoot and undershoot 
at the transient time of power supply, arrangement shall be made by 


using filters, etc. so as to avoid exceeding the max. rating. 


INPUT TERMINAL 





Fig.9-3 Input Processing of Printed Base Board 
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o.3 


9.4 


Input processing of printed base board 





PROTECTION CIRCUIT 


OUTSIDE OF 


BASH BOARD 
OUTSI DE 


OF BASE 
BOARD 


Vgg 


PROTECTION CIRCUIT 


Di, Dg : 181588 


(a). PROTECTION OF INPUT WIRE (pb) PROTECTION OF OUTPUT WIRE 


Fig.9-4 Protection of Input/Output Wires 


When the input terminal of printed base board consists of Cc2MOS input 
only, like the individual CMOS device, the input terminal is in electrically 
floating condition, whereby there is a possibility of receiving damage by 
static electricity, etc. Therefore, as shown in Fig. 9-3, by inserting 
over 10k resistance in series in 
advance, it is possible to protect 


c2MOS from the overcurrent. 


And, it is more effective if . Rt OUTPUT CURRENT CONTROLLING 
: ; RESISTOR 
the input terminal can be pulled , : INPUT CURRENT CONTROLLING 
: RESISTOR WITH POWER SUPPLY 
up or down by approx 100k? resistance. | TURNED OFF 





Fig.9-5 Method of Inserting 
Capacitor 


Measures for noise and surg of signal input/output wire 


In many cases the signal input wire coming in the printed base board 
and the control output wires coming out the printed base board are con- 
nected with other electronic parts. In general, it can be said that the 
signal wire is long in many cases. In case the surge is applied to these 
input /out put wires by induction, there is a possibility of deterioration 
or breakdown of CMOS IC being caused by overcurrent (overvoltage). 


Therefore, in case the input/output signal wires are long and when the 
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high voltage wire exists in the outside printed base board, it is neces- 
sary to insert the protective circuit as shown in Fig.9-4. The method 
of separating the base board through photocoupler and lead relay contact 


is also effective. 


In case of making test pin, it is advisable to make protection in 


advance as shown in Fig. 9-1 to Fig. 9-4. 


Signal wire and capacitor to be connected to Vpp or Vss 


In case the capacitor is connected directly to signal wire for re- 
moving the delay and noise in signal, the capacitor up to 500pF in 
capacity can be connected directly, but capacitors larger in capacity 
shall be connected through such resistors as shown in Fig. 9-5. 

These resistors are used for restricting the flow of current to the 
parasitic circuit of CMOS input/output at the time of "ON" and "OFF" of 
power supply and for preventing CMOS output from short~-circuiting for a 
long time. It can be said that 10k2 or over will be suitable as the 


resistance value for both R and Rs. 


Output short-circuiting 


In C*MOS IC, buffer is added to the output, whereby it is possible 
to carry out the current driving of both source (IoH) and sink (IOL). 
Therefore, in case "H" level output wire is short-circuited with GND 
(Vg) wire or "L" level output wire is short-circuited with Vpp wire, 
overcurrent flows to c2Mos output. In particular, if supply voltage is 
high, this current may cause the package to exceed the permissible power 
disipation; therefore, attention shall be given to prevention of the 


output short-circuit. 


Of course, it is impossible to connect normal outputs together, 
but concerning the C*MOS which has three-state output, wired OR is 
permitted under the condition that more than two-wire outputs do not 


come to enable simultaneously. 
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9.7 Influence of input slow in rise or fall time 


In case the waveform slow in 
rise time or fall time is applied | 
to CMOS input, the out put of gate 
IC, etc. may tend to oscillate in 
the neighborhood of Vpy (device 
threshold voltage) of input wave- 


form. This is because, in the 





neighborhood of Vpy, CMOS gate 


Fig.9-6 Example of Clock Input Shaped 
becomes equivalently linear by Waveform 


amplification, whereby the minute 


supply ripples and noise appear on the output after amplification. 


For suppressing the above phenomenon, consideration should be taken 
to insert the high-frequency filter capacitor between Vpp and Vss of 
oscillating IC or to use Schmitt trigger IC. In particular, attention 
should be given to the clock input of sequence circuit. 


Fig. 9-6 shows an example of clock shaping. 


9.8 Variation of various characteristics 
(1) Circuit threshold voltage 


The circuit threshold voltage of CMOS is designed for 1/2. Vpp 
ideally, but in reality the voltage is influenced directly by the varia- 
tions of both P/N FETs because the voltage is decided by the voltage 
dividing effect of both P/N MOS FETs. As compared with the bipolar IC, 
therefore, the variation is considerably large. For example, differen- 
tiation circuit/integration circuit by CR and timer circuit are greatly 
influenced in terms of time by this variation, and in reality compensa~ 


tion effect is required by the use of variable resistors. 
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Vpp 


VARIATION RANGE 


OUT 








e) 3 4.5 6 7.9 9 105 18 1 


5 
(Vv) 
Ta=25° 


Fig.9-7 Variation Data of TC4011BP Vyy 


Fig. 9-7 shows the variation data for TC4011BP circuit threshold 
voltage. As to other types, variations can be considered to be similar 


to TC4011BP. 


(2) Output current 


The variation of output current can be considered to be Max. +304 
to the standard value. Fig. 9-8 shows the output current characteristics 
(standard value) of TC4007UBP. So far as this figure is concened, it 
follows that considerable drain current flow at the domain where Vpp 
is high. However, if output current is large, internal loss of FET 
becomes large at the same time, resulting in lowering the thermal 
reliability. In reality, therefore, it is suitable to use at the 


non-saturation domain up to IVpsg| <1. 5V. 
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Drain Current Ip (mA) 


P-Channel Drain Current Characteristics 


Drain WOnes es Vps CV) 


wee T1111 LIA 
cm) M 
ae wea 7 
COCO 














Drain Voltage Vps (V) 


Fig. 9-8 Output Current Characteristics 


of TC4007UBP 
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Drain Current Ip (mA) 


Switching time 


Propagation delay times such as tpry, tpyy, etc., toggle frequency 
of counter, etc. have max. +30% variation to the standard value. 
However, these parameters vary depending on the interface conditions of 
load Capacitance, etc., therefore, it is necessary to consider fanout 


at the portion where operating speed is high. 


9.9 Temperature parameters of various characteristics 


(1) 


Device threshold voltage 


The device threshold voltage is considerably stable to the temper- 
ature because the temperature coefficients of ON resistance of P-channel 
and N-channel FETs become the puls values. The temperature coefficients 


are approx. -2%~-3 mV/°C at Vpp=5V and approx. -4%-5 mV/°C at Vpp=10V. 


Output current 


The output current has the minus temperature coefficients for both 
P/N FETs, which are approx. -0 4%/°C. Namely, under the temperature 
condition of approx. 85°C the current value becomes small by about 25% 
as compared with the normal temperature (about 25°C). This is an 
important point in deciding the overdrive coefficient in case of driving 


transistor, etc. by current. 


Input current, Quiescent device current and 3-state output leakage current 


These leak currents are theoretically the leak currents in the 
opposite direction of PN junction, and are extremely small in value at 
normal temperature. With the rise in temperature, however, the values 


increase at exponential function. 


In reality, it is convenient to remember that with the rise in 


ambient temperature by 25°C the leak current increases by about 1 digit. 


Howeve, in reality the input current is approx. 107!%.107!! [a] at 


normal temperature and the quiescent device current is approx. 1072 [A] at 


gate IC. These are the levels which have no problems on the practical 


use at high temperature. 
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Propagation delay time and max. clock frequency 


As the propagation delay time may be regarded as the time for 
charging and discharging the internal capacitance and load capacitance 
of ON resistance of FET, the propagation dealy time is considered to 
be equivalent to the temperature coefficient of ON resistance. 
Therefore, the temperature coefficient becomes approx. 0.4%/°C, while, 
in the neighborhood of 85°C, tpzy and tpyy, increase by approx. 25% to 
the normal temperature value. on the contrary, the max. clock frequency 


decreases by approx. 254. 
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C’*MOS DIGITAL INTEGRATED CIRCUIT TC4000BP 
SILICON MONOLITHIC 


TC4000BP DUAL 3-INPUT NOR GATE PLUS INVERTER 
The TC4000BP is a combined gate which contains dual 


3—~input positive NOR gate plus inverter in one 
package. 

Since all the outputs of this gate are provided with 
the buffers of inverters, the input/output 
transmission characteristics have been improved and 
the noise immunity has been elevated, Thus, an DIP 14{3D14A—P) 


increase inpropagation delay time caused by an 


increase in load capacity is kept to a minimum. 






















Output Voltage 
IDC Input Current 








MAXIMUM RATINGS PIN ASSIGNMENT 
Vss-0.5~ Vsst20 Lae 
Input Voltage Vss-0.5~ Vppt0.5 
VOUT Vss-0.5~Vppt0.5 
}Power Dissipation F300] 
Operating: Ambient a 
Temperature Range = eee ee 
Storage Temperature 
Lead Temp./Time 260°C . 10sec 
LOGIC DIAGRAM 





(TOP VIEW) 


INVERTER 


y o—| >> —_d >—_|S0— 07 
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NAAM 





Input Low 
|Voltage 


‘TC4000BP 





RECOMMENDED OPERATING CONDITIONS (Vss=OV) | 







DC Supply Voltage | Yoo | 
Input Voltage cc ees 


STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


SYM— — ~40°C 
CHARACTERISTIC BOL TEST CONDITION Vpp 
| ) MIN, 


| Iout! <1l#A 















| High-Level 
Output Voltage 










Low-Level 
Output Voltage 


Output High 
Current _ 









Output Low 
Current 


Input High 
Voltage | 











VIN=Vss> VDD 
VoutT=0.5V,4.5V 
VouT=1.0V,9.0V | 
VoutT=1.5V,13.5V 














l}IoutT!]l <14A 
VouT=0.5V,4.5V 
VouT=1.0V,9.0V 
VouT=1.5V,13.5V 


VI 
VI 
}Tout] <A 

















H 
L 
IL 


Quiescent Device 
Current 
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TC4000BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF) 


CHARACTERISTIC SYMBOL| TEST CONDITION Cr Ml ad Maca UNIT 
Vp (| V) 


Output Transition Time 
(Low to High) 





Output Transition Time 
(High to Low) 


Propagation Delay 
Time (Low to High) 





INVERTER 


Propagation Delay 
Time (High to Low) 


Propagation Delay 
Time (Low to High) 


Propagation Delay 


Time (High to Low) 


Input Capacitance 


TEST CIRCUIT 


PULSE OUTPUT 


GENERATOR 


Cy,=50pF 


1 


PULSE OUTPUT 
GENERATOR = OUT EUT 





7/ 


TC4000BP 





OPERATING SUPPLY CURRENT TEST CIRCUIT 


PULSE 
PULSE 0 GENERATOR 
GENERATOR 


cOns 20ns 


90% 90% 


10% 10% 


Duty Ratio=50% 





IoHh - VoH (TYP.) Lon = Vou. - (TYP) 


Vou ~ Vpp (V) 


ee 
TT 
etd 
=~4 
2 
ore 
veu 
Zan 


Oe IN 
Papi Wes Saale 
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TC4000BP 


(su) THI, «HTdy 
GNIL AVIHd NOTLVOVdOud 


50pF 


See 


(su) “UHL, ‘HTL, 


NSILISNVYL LAdin> 


oN 
> 
NY 
Q 
a 
> 
eal 
oO 
<x 
HH 
a 
© 
> 
pi 
rt 
a, 
Ay 
i 
tA 





SUPPLY VOLTAGE ome os 


(TYP...) 


Ipp/GATE - fIn 





a i 0 Cee Sa LA 
PEN Ne es 
| TTT NUNN 100 5 Bl a ee aS 
PN NG Ns TO 


PTT NS ADE a ee SE 
Pa NES WUT S 


allt NN 


Hl NCC 


UE Oe ee eee 8 
I 
2 
Pe NIN ON 
PT TTI IN 


PTT TENE RN TTT TT 


TT | TN NUTT 
HT TT ENMGINE ; 


oO (o) oO oO 
OO oO ve) 
re) 


(v7) ACT 
INGHUNO ATddns PNT LVeddo 


Ta=25 


1S A Aa A SC SF fh 


(A) £20A aDVITOA LnaaLaAo 


oe (Hz ) 


INPUT aie Y 


INPUT VOLTAGE Vyy (V) 
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TC4001BP/BF, TC4002BP/BF, 


TC4025BP/BF SILICON MONOLITHIC 





TC4001BP/TC4001BF QUAD 2 INPUT NOR GATE 
TC4002BP/TC4002BF DUAL 4 INPUT NOR GATE 
TC4025BP/TC4025BF TRIPLE 3 INPUT NOR GATE | 





The TC4001BP/BF, the TC4025BP/BF and TC4002BP/BF 






are 2-input, 3-input, 4—input positive NOR gate, re- 





spectively. 





Since the outputs of these gates are equipped with 





the buffers, the input/output transmission character- 





istics have been improved and the variation of trans- 





mission time due to an increase in the load capacity 





is kept minimum. 













ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC _| SYMBOL ___ RATING UNIT 
DC Supply Voltage |Ypp | Vss-0.5 VVggt20 
Input Voltage | | Vin | Ngo 02? Y Nop aa 

e V 

















25 
Output Voltage VOUT Vgg-0.5 VVppt0.5 


V 

/V 

DC Input Current. q 
< 

Bi 


Power Dissipation _ De | -300(DIP) /180(MFP) | mW 
Operating ; 
Temperature Range =a 28 C 






s 
eres ‘ -~65 1150 


Temperature Range 







DD 
IN 
IN 
A 

st 





Lead Temp./Time 260°C © 10 sec 





LOGIC DIAGRAM 


1/4 TC4001BP/BF 


E/R VCA0ORBE7 BE ga 


A 


B 
C 
D 


1/3 TC4025BP/BF 
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| 
[om | 
rs 





MFP 14 (F14GB-P ) 


PIN ASSIGNMENT (TOP VIEW) 


TC4001BP/BF 
Vpp A4 B4 X4 X3 BS AG 


ey 10 


Al Bl X1 XZ B2 AZ Vgg 


TC4002BP/BF 
Vpp X®& AR BR CK De NC 


TC4025BP/BF 
Vpp 43 BS C3 X3 Xz CR 


AZ BZ Al Bl Cl Xl Vgg 


TC4001BP/BF, TC4002BP/BF, TC4025BP/BF 





RECOMMENDED OPERATING CONDITIONS  (Vogg=O0V) 





STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V) 


CHARACTERISTIC |SYMBOL| TEST CONDITIONS 


V : ‘ ‘ . 
; 4.95] 5. 
High-Level 
ne Vou : 9.95110. 
Low-Level y ITour |<1us ; 
Output Voltage OL = " ; 
Vin Yss> Yop ; 
Output High os 
Lou ; 
Current 
Output Low si 
Current POL 


Input High 











| Voltage 


Vout=0.5V, 4.5V 
Input Low VouT=L.OV, 9.Q0V 


V ees 
Voltage IL) |Vout=1.5V,13.5V 


a 
Input Ity 
Current ee I 
Level LL 


Quiescent 
Ipp 
Device Current we 


U 
¢ 


* All valid input combinations. 
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TC4001BP/BF, TC4002BP/BF, TC4025BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


| CHARACTERISTIC _ SYMBOL TEST CONDITION Vpp(Vv) 





MIN. TYP. | MAX. | UNITS 





1B 


bt 
Come, 


Output Transition Time 


10 
(TC4002BP/BF) 







bY 
wm 


Output Transition Time 


(TC4002BP/BF) 


pod 
oun 







be 
nt 


Output Transition 
(TC4SO0O1BP/BF) , 

(TC4025BP/BF) 
Output Transition Time 


(TC4001BP/BF) , 
(TC4025BP/BF) 


bt 
a om 




















Propagation Delay Time 


(TC4001BP/BF) 


Propagation Delay Time 


be 
Cou 


CpHL 
(TC4001BP/BF) 15 
Propagation Delay 5 


(TC4002BP/BF) 


io 
eo Wi 


eS 
er 


Propagation Delay 
(TC4002BP/BF) 


He 
moun 


Propagation Delay 
(TC4025BP/BF) 


Propagation Delay 
(TC4025BP/BF) 


Input Capacitance 


CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


LO 







ct 

as 

ay 

ro 

bt 
mln own 


fe 
oa) 





CIRCUIT WAVEFORM 
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crwos rata intecrareo circu T CAQQIUBP, TC4011UBP 





TC4001UBP QUAD 2 INPUT NOR GATE 
TC4011UBP QUAD 2 INPUT NAND GATE 


TC4OO1LUBP and TC4011UBP are 2 input NOR gate and 
2 input NAND gate respectively. The pin connections 
are same as TC4001BP and TC4011BP but the internal 
circuits consist of only basic NAND (NOR) circuit 
without the waveform shaping inverters. 


Therefore, these are suitable for the applications 
in linear circuits such as oscillator circuits and 
amplifier circuits, and these have advantage in the 
applications of logical processing systems with 
faster operating speed. 


DIP14(3D14A—P) 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 
DC Supply Voltage Vog — 0,45 VVag + 20 
Input Voltage Vsg ~ 0.5 vVVppt+0.5 
Output Voltage VouT | Vss - 0.5% Vpp+0.5 
T 


Operating 
Temperature Range rae | -40 85 


Storage 7 | 
Temperature Range 65% 150 
Lead Temp./Time | Ts01 | 260°C - 10 sec 


LOGIC DIAGRAM 





DD 
IN 
LIN 
TA 
Tso01 









1/4 TC4001UBP 1/4 TC4011UBP 


Vpp VpD 
IN A 
IN B | OUT X 
OUT X INA 
IN BO 
Vgg Vss 
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(TOP VIEW) 





HII 


~ TC4001UBP, TC4011UBP 





RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 


| «CHARACTERISTIC SYMBOL 


| DC Supply Voltage 
Input Voltage | 


STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 








CHARACTERISTIC |SYMBOL | TEST CONDITION 


[Tour |<lua 



















High-Level 































V 
Output Voltage OH Vin=Vss> Vis 
Low-Level Vor lLoyr|<lua 
Output Voltage Vin=Vss, Vpp 
| Voy=4- 6V 
Von=2 ° 5V 
| Output High 
: Ton |VYou=9-5V 
Current Vou=13.5V 
ViIn=Vss» Vpp 
| 5 
| Output Low 10 
| TOi: 15 
Current 
Vin=Vsss> Vpp 
VoutT=0.5V, 4.5V 5 
| Input High . Vout=1.0V, 9.0V | 10 
1H 2 
| Voltage ou LoVe te 942k 5 
| ITour|<1ua 
Vout=9 ° 5V, 4 ~oV 5 
Input Low VouT=1.0V, 9.0V /10 
VIL |Woyp=1.5V,13.5V ] 15 
[Topp] <1ua 


Input 


Current 


Quiescent 


Device Current *k 





* All valid input combinations. 
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TC4001UBP, TC4011UBP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITIONS De) cele UNITS 


aE 











Output Transition Time 
(TC4001LUBP) 






Output Transition Time 
(TC4001UBP) 








Output Transition Time 
(TC4011UBP) 





Output Transition Time 
(TC4011UBP) 


Propagation Delay Time 
(TC4O0OLUBP) 


Propagation Delay Time 
(TC4011UBP) 


Input Capacitance 


CIRCUIT 1 CIRCUIT 2 


TC4001UBP TC4011UBP 


WAVEFORM 


OUTPUT 
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TC4006BP C’MOS DIGITAL INTEGRATED CIRCUIT 
| SILICON MONOLITHIC 


TC4006BP 18-STAGE STATIC SHIFT REGISTER 





TC4O06BP is static shift register of 18 bits maximum 
which consists of two 4 bit shift registers and two 

5 bit shift registers, and the clock is supplied from 
the common CLOCK input for all the shift registers, 
Since 5 bit shift register is provided with 4 bit 
output Dnt4 in addition to serial data output Dnt5, 


the shift register with arbitrary number of stages of 

4,5,8,9,10,12,13,14,16,17 and 18 can be obtained by 

the combination of inputs and outputs of 4 bit and 

5 bit shift registers. DIP 14(SDi4A-P) 
Each register is shifted by the falling edge of 

CLOCK. ot 





MAXIMUM RATINGS PIN ASSTGMENT 
CHARACTERISTIC RATING 


DC Supply Voltage Vss-0.5 ~Vsst20 






Input Voltage Vsgs-0.5 ~Vppt0.5 


DD 
IN 
Output Voltage | VOUT Vss-0.5 ~Vppt0.5 
LIN i. 

TA 


DC Input Current 


Caw 
Pm | 9 
-65 ~150 


Z 
E <aifai<a te 
| 


S| 
= 


Power Dissipation 









Operating Ambient 
Temperature Range 


° 
QO 





Storage Temperature 






° 
io) 





Range 
LOGIC DIAGRAM | TRUTH TABLE (SINGLE STAGE) 





D1 GQ) D at-—p at—b at ab | 
aqgCL i CL ih CL ach | 
ach i CL iT CL i CL I cL 


Dg D Vd It atp aq 
' foo" fou fou fe 
Dg (6) ee Q iD Q D QED @Q DQ 
ach i CL fy CL f CL GcL 
CLOCK 


O-4d>> 


*K Don't care 





86 


RECOMMENDED OPERATING CONDITIONS (Vgs=OV) 


CHARACTERISTIC SYMBOL 


DC Supply Voltage 
Input Voltage 


High-Level 
Output Voltage 


Low-Level 
Output Voltage 


Output High 
Current 


Output Low 
Current 


Input High 
Voltage 


Input Low 
Voltage 


Input 
Current 


Quiescent Device 


Current 





}Iout|<l#A 
VIN=Vss>VDD 


lIour! <14A 
VIN=Vss; VDD 


VOH=4. 6V 
VOH=2.5V 
VoH=9.5V 
VoH=13.5V 


Vin=Vss>VDD 


VIN=VSS,VpD 

VoutT=0.5V,4.5V 
VouT=1.0V,9.0V 
VoUT=1.5V,13.5V 
| lout! <14A 

VouT=0.5V,4.5V 
VouT=1.0V,9.0V 
VouT=1.5V,13.5V 


* All valid input combinations. 


8/ 








TC4006BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF) 


5 
10 
15 


Output Transition Time r 
(Low to High) TLH 
Output Transition Time t 
(High to Low) THL 
tpLH 
Propagation Delay Tim 
pag y. e tpHL 


. Clock Frequency Cl 
t 


[pee 


oa 


‘ Clock Pulse Width 
- Clock Rise Time | ErCL 
- Clock Fall Time tfCL 


pe 
n 





‘~ 
a 


Min. Set-up Time 

(DATA — CLOCK) ts 
Min. Hold Time | Fa 
(DATA - CLOCK) H 


U 


NO 

© 
P uy 
Oo © 

pe 
op) 


ON 
© 





~~ 
° Ww 
Wi Oo © 
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TC4006BP 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1. 


WAVEFORM 2. 
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TC4007UBP/UBF C*MOS DIGITAL INTEGRATED CIRCUIT 
7 SILICON MONOLITHIC 





TC4007UBP/TC4007UBF DUAL COMPLEMENTARY PAIR PLUS INVERTER 


TC4007UBP/UBF contains three elements of P-channel 
enhancement type MOS FET and three elements of N- 
channel enhancement type MOS FET. One pair of P- 
channel and N-channel functions as inverter and 
remaining two pairs provide the respective outputs of 
source and drain separately. Depending on how 
connections are made, the versatile applications such 
as inverter, waveform shaping circuits, NAND(NOR) 
gatys, linear amplifiers, clocked gates, transmission 
gates and high fan-out buffers are easily obtainable. 












MAXIMUM RATINGS 


Be supply voteage | voo 









RATING 







Vss-0.5 ~Vsst20 


over Dissipation | Fo | 300(0iP)/1600@7) 
Operating Ambient ee ° 
Temperature Range fo top e 
Storage Temperature he o 
Lead Temp. /Time 260°C - 10 sec 


* Applicable for Dp, Dn, SP, Sn and OUT terminals. (TOP VIEW) 
LOGIC DIAGRAM 


VDD 
VIN 
DC Input Current ns 
Pp 
TA 


+ 
on 
© 
1} WM 





Vpp Spi Dpg Spe 


G4) Qs) @) @ 


rt oe 


| ‘hl 


Vsg .Dyr INg Swe Pne IN 
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RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL TEST anuesapiionpamns 





DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL [avy oo (Vss=O0V) 


CHARACTERISTIC ae, TEST CONDITION mae} te 
BOL 
ra a 
4.95 693) 3% 
High-Level 
Output Voltage 9.95 99:10. 
; 14.95 14.95 ]15. 
Q.05 
Low-Level 
Output Voltage 0.05 
0.05 
Output High 
Current 





Output Low 
Current 


Input High 
Voltage 


Input Low 


Input 
Current 


Quiescent Device 
Current 





* All valid input combinations. 
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1C4007UBP/UBF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=O0V, CL=50pF, INVERTER) 


Output Transition Time 
(Low to High) 


Output Transition Time 
(High to Low) 


Propagation Delay 
Time (Low to High) 


Propagation Delay 
Time (High to Low) 


OUTPUT 
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TC4007UBP/UBF 


TYPICAL APPLICATION 


1. TREE LOGIC 2. CLOCKED INVERTER. 3. ANALOG DATA SELECTOR 
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TC4008BP 


TC4008BP 4-BIT FULL ADDER 

TC4008BP is full adder of 4 bit parallel processing 
type equipped with high speed parallel carry circuit. 
The sum of binary inputs applied to four augend data 
input lines (A1-A4), four addend data input lines 
(B1-B4) and carry input (CIN) from the lower order is 
obtained in binary code from added data output (S1-S4) 
and carry output (CoUT) to the higher order. Adders 
of 4xn bits with cascade connections and add/ 
substract circuits with simple external circuits can 
be easily obtained. 












[svwaoe [warns [ower] 


IN 
-65~150 a 6 


260°C - 10sec 





So 
ry 


O >0 
\mlikanera> ale 
| 


De 
7 ie 


y D 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


DIP 16(3D16A-P) 


PIN ASSIGNMENT 





INPUTS 
CIN 


Bokww ued 
tales elated 
led elelelel le 
ollie 








TC4008BP 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


CHARACTERISTIC SYMBOL TEST CONDITION TYP. UNIT 
DC Supply Voltage | Yop | sd 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC Bane TEST CONDITION {VpD 
BOL (v) | M 


lIout!l <1e#A 










Vin=Vss,VDD 


< 
Low-Level IIour | <l4A 


Output Voltage OL Vin=Vss,VppD 


VoH=4. 6V 
VoH=2.5V 
Output High : 
Current OH | VOH=9.5V 
VoH=13.5V 
| VIN=VSS,VpD 


V 


Output Low 
Current 


VouT=0.5V,4.5V 
Input High VouT=1.0V,9.0V 


Voltage VoutT=L1 .oOV ; 1343V 


Input Low 
Input 
Current 


Quiescent 
Device Current 





* All valid input combinations. 
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-TC4008BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, — — 


Output Transition Time 
tTLH 
|(Low to High) 
Output Transition Time 
| CTHL 
(High to Low) 
Propagation Dealy Time 
| (An, Bn - Sn) ae 


Propagation Delay Time 


(An, Bn — CARRY OUT) 


Propagation Delay Time 


(CARRY IN - Sn) 


Propagation Delay Time 


| (CARRY IN - CARRY OUT) 





Input Capacitance 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1. | | WAVEFORM 2. 
An, 


Bn . CARRY IN 


Sn; Sn, 
CARRY ‘OUT CARRY OUT 


Sm Sn> . 
CARRY OUT /| | ) CARRY OUT 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4009UBP HEX BUFFER/CONVERTER (INVERTING TYPE) 
TC4010BP HEX BUFFER/CONVERTER (NON-INVERTING TYPE) 


TC40O09UBP and TC4010BP contain six circuits of buffers 
with the level shift function. TC4009UBP provides 
inverted outputs and TC4010BP provides non-inverted 
outputs. Large output current enables to directly 
drive one TTL/MDTL input. Furthermore, since the 
logical amplitude of Vpp-Vss can be converted to the 


logical amplitude of VccC-Vss by supplying two separate 
power supplies with the condition of (Vpp>Vcc), these 
are suitable for the interface from C2MOS system 
operating with the power supply voltage of 5 volts or 
higher to TTL/MDTL system. 


MAXIMUM RATINGS 


| CHARACTERISTIC SYMBOL RATING 


Vcc 

VIN 
Lin 
TA 


DIP i16(3D16A-P ) 





PIN ASSIGNMENT 


TC4009UBP 










L Veo | Vgs-0.5 ~Vppt0.5 V 
Vout | Vss-0.5 ~Vcct0.5 Vv. 


oe 
iw |? 
co 


~40~ 85 
a 
Tsol 








Input Voltage 
Output Voltage 


be 
jo) 


DC Input Current 


Power Dissipation 


Operating Ambient 
Temperature Range 
Storage Temperature 
Range 













2655150" 





Lead Temp. /Time 260°C - 10sec 
CIRCUIT DIAGRAM 


1/6 TC4009UBP 





TC4010BP 


1/6 TC4010BP 


(TOP VIEW) 





* Parasitic DLbiods 
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TC4009UBP, [C4010BP 








hl 








C4009UBP, TC4010BP 


RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL TEST CONDITION 


DC Supply Voltage 


Input Voltage VIN 
° 
CHARACTERISTIC Ss TEST CONDITION |Vpp 40'¢ 2 UNIT 
(V) MIN. | : : 
51 4.95 : P . 
l}Iout |! <1e#A 
Vou 10 : i , 09D 
VIN=Vss,Vpp 
15 : 14.95 
|} Tout] <14A 
OL | 
Vin=Vss,VDD 
ITOH 
VIH 
VIL 
Vi 
















High-Level 
Output Voltage 






Low-Level 
Output Voltage 


Oo oO 
Ui 







0.05 








Output High 
Current 








VoH=4.6V 
VoH=2.5V 
VoH=9.5V 
VOH=13.5V 


LoL 


VouT=13.5V 
| | Tout! <1l#A 
VoutT=9. OV 
VouT=13.5V 


}Tour!l< 14A 







Output Low 
Current 






Input High 
Voltage 
(TC4O0O9UBP ) 






_ 
NO 
© 





in 
NO 
co Ff Oo BD bh y - 
Oo ON 





Input Low 
Voltage 
(TC4OO9UBP ) 



















Input High | 
Voltage 
(TC4OLOBP) 


“Mw 

ow oS Ne) 
a 
WiC Cs -o 













eee ee es 





a 
(RE; ee = 
fermnd 
‘ae 
a) 
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STATIC ELECTRICAL CHARACTERISTICS (Vss=0V, Vpp=Vcc) 


CHARACTERISTIC TEST CONDITION | VDD 
ctaveneasn Jo” ) ne. [HA 


Input Low 
Voltage 
(TC4 O10BF ) 


| lout l<1#A 





Quiescent Device 
Current 





* All valid input combination. xx Include Icc. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, CL=50pF, Vpp=Vcc) 


CHARACTERISTIC SYMBOL] TEST CONDITION 
Vpp (V) 


tTLH 
pow 
Propagation Delay : 
Time (Low to High) pLH 


Propagation Delay 
Time (High to Low) 


Propagation Delay é 
Time (Low to High) pLH 
Propagation Delay : 
Time (High to Low) pHL 


Input Capacitance 






MIN. 









Output Transition Time 
(Low to High) 


Output Transition Time 
(High to Low) 


be 
ES 


he bf Roo 
58s Je cles 

FP rR MIP © SLR BP NIN wW 

i tae) Fm OG Ae NS. Ma A) eo SS 

be ao 

Ww EF DAI RD wo FLW BF Yeu 

OS 1 Or Or Ss SO. Or Ll a -O 
poe fo 

n a 





TC4009UBP 


CpHL 






bo 
mn oO 


ns 











TC4010BP 





TC4009UBP 


CIN 
TC4OLOBP 


ood 
Wm © 

eH 
“SW 
Oo © 


ae) 
sl 
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TC4009UBP, TC4010BP 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


TC4009UBP TC4010BP 


INPUT INPUT 


OUTPUT OUT PUT 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4011BP/TC4011BF QUAD 2 INPUT NAND GATE 
TC4012BP/TC4012BF DUAL 4 INPUT NAND GATE 
TC4023BP/TC4023BF TRIPLE 3 INPUT NAND GATE 


The TC4011BP/BF, TC4023BP/BF, and TC4012BP/BF 


are 2-input, 3-input, and 4-input positive logic NAND 


gates respectively. 


Since all the outputs of these gates are provided 

with the inverters as buffers, the input/output 
|characteristics have been improved and the variation 

of propagation delay time due to the increase in load 


capacity is kept down to the minimum. 


ABSOLUTE MAXIMUM RATINGS | 


CHARACTERISTIC SYMBOL RATING UNIT 


DC Supply Voltage VpD Vgs-0.5 VVggt20 
j Input Voltage VIN Voo-0.5 VVppt0.5 V 
VOUT V 
m 
fe} 

























|Output Voltage Vgs-0.5 wVppto.5 
+10 


" 
Storage 


ii ~65% 
Temperature Range 65% 150 
Lead Temp./Time DEO OCT. Bee 


LOGIC DIAGRAM 


DC Input Current 
|Power Dissipation 







Operating 
Temperature Range 













174 104011 BP/BF 
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TC4011BP/BF, 1C4012BP/BF, 
1C4023BP/BF 


1 


DIP14(3D14A-P) 


1 
MF P14(F14GB-P) 





PIN ASSIGNMENT (TOP VIEW) 


TC4011BP/BF 
VppD A4 Ba X4 x3 


TC4012BP/BF 
VDD x2 A2 B2 


Xl Al Bi Cl Di NC Vgg 


TC4023BP/BF 
YpD AS BB C3 XB XR 





AZ BZ Al Bl Cl Xi Vgg 


Ul 


TC4011BP/BF, TC4012BP/BF, TC4023BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


STATIC ELECTRICAL CHARACTERISTICS (Vss=O0V) 


° ° ° 
Vpp nae 
CHARACTERISTIC {SYMBOL} TEST CONDITION 
eunmeraesmc [seo 







































































High-Level vee 10 | 9.95 9.95 |10.00 9.95 
REYES ene aes Vin-Vss> Ypp 15 [14.95 14.95|15.00 14.95 . 
5 0.00} 0.05 
= I <lyA 
rowaevee Vor | |Ttourl<tu 10 0.00] 0.05 
Output Voltage Vin=Vpp 15 0500} 0.05 . 
Vou=4 . 6V 5 
Vop=2 .5V 5 
Ta Vop=9-5V , 10 
Voy=13.5V 15 
Vin-Vss» Vpp mA 
Vo, 70-4V 5 LZ 0.42 
Output Low ‘ VoyL=0.5V 10 3.2 id 
Current OL | Vop=1.5V 15 12.0 2.8 
Vout=0.5V, 4.5V 5 PAP es. 3.5 
Input High Vout=1-0V, 9.0V] 10 Dees, 420 
VIH 4 
Voltage Vout LOVE OeOV 15 8.25 11.0 
| VouT=4.5V 5 23251 the die, 
Input Low Vout=9- OV 10 Ae 3.0 30 
Vin | Voyp=13.5V 15 6.75| 4.0 4.0 
|Tour|<1luA 
dS - -5 
a rm frum’ fro] = [oa] = pee]oa] = [ao 
npn Vr7 =OV —5 _ e 
Current EL 18 =O h 10 0.1 1.0 an 
Quiescent 5 J. 0.001} 0.25 TES 
‘ 0.001; 0.5 
Device Current * 0.0021 1.0 


ay 


* All valid input combinations. 


102 





TC4011BP/BF, TC4012BP/BF, TC4023BP/BF 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC TEST CONDITION VpD(V) 
80 


Output Transition Time > 


(TC4012BP/BF) 


SYMBOL 















50 
40 


CTLH 






80 

;OUtput Transilion Time tery. 50 
(TC4012BP/BF) 40 

70 






Output Transition Time 


(TC4011BP/BF) 
(TC4023BP/BF) 


350 
30 


CTLH 












Output Transition 70 
(TC4011BP/BF) CTHL 35 
(TC4023BP/BF) 30 


65 
|Propagation Delay 


CpLH 
(TC4011BP/BF) 


be 
ln 


el ail ee bs hh ee hb be pA 
CUlU Ou SCUNOUlUOUlLU SG UlUS 








Propagation Delay Time tpHL 
(TC4011BP/BF) 
Propagation Delay 
CpoLH 


(TC4012BP/BF) 


5 

i ti Del Ti 
ropagation Delay Time t pHL 10 
(TC4012BP/BF) 15 
Propagation Delay Time . s 
CoLH 10 
(TC4023BP/BF) 15 
5 
Propagation Delay Time a 10 
(TC4023BP/BF) . 15 


= 
Un 
Wi sla cay eo he ese oe : | 


OQ 
te 
Zz 


Input Capacitance 





CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


CIRCUIT WAVEFORM 


INPOT 


OUTPUT 
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i 


TC401 3 C’MOS DIGITAL INTEGRATED CIRCUIT 
a | . SILICON MONOLITHIC | 











TC4013BP/TC4013BF DUAL D-TYPE FLIP FLOP 


TC4013BP/BF contains two independent circuits: 







| of D type flip-flop. The input level applied to 






DATA input are transferred to Q and Q output by ris- 






ing edge of the clock pulse. When SET input is 






placed at "H', and RESET input is placed at "L", 






outputs become Q="H", and Q="L". When RESET input is 





| placed at "H", and SET input is placed at "L", out- 






| puts become Q="L", and Q="H'". When both of RESET 






| input and SET input are at "H", outputs become Q="H" - 


| and Q="H"" 







MFP14(F14GB-P) 









ABSOLUTE MAXIMUM RATINGS | . PIN ASSIGNMENT 


CHARACTERISTIC SYMBOL RATING 


| DC Supply Voltage VpD Vss-0.5 vVsggt20 
| Input Voltage 


Operating 
Temperature Range 


Storage 
Temperature Range 


Qi 







Ql 
CLOCK1 
RESET1 11 cLocke 


DATA1 RESHT2 







SET1 DATA 






Veg SET2 






(TOP VIEW) 





BLOCK DIAGRAM 
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TC4013BP/BF 





TRUTH TABLE 


_ INPUTS 
RESET | SET DATA 


> Don't care 





: Levei Change 


: No change 








RECOMMENDED OPERATING CONDITIONS (Vgs=O0V) 
CHARACTERISTIC 


DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vss=O0V) 


40°C 25 85° 
Vpp ee a 
CHARACTERISTIC |SYMBOL| TEST CONDITION UNITS 
5) 5.95 <r 5.00 
Hich-L 1 I <lyA 
oe bee | our| : 10] 9.95 9.95 ]10.00 
15114.95 14.95 a O00 


Output Voltage 
5 0.05 
0.05 



























Vin=Vss» Vpp 





|Zoyr|<1luA 
V 


Low-Level 














Oi, ie 
0.00} 0.05 











Output Volt 7 
i acai alias In-Yss» Vpp 


Voy=4 - 6V 
VouH=2.5V 
VoH=9.5V 
VoH=13.5V 











| Out put High 


| Current 







Output Low 


Current 




















VouT=0.5V, 4.5V 
Vout=L * OV, 9.0V 


VoutT=l.5V,13.5V 






|Input High 
Voltage 






VoutT=0.5V, 4.5V 
Voyt=l -OV > 9.0V 
Vour=l-5V,13.5V 





Input Low 





Voltage 
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TC4013BP/BF 





STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC |SYMBOL| TEST CONDITION 





Current |"L" 
Level 


Quiescent 








Device Current 


al. 
w 


al 
¢ 


* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS 


Output Transition Time 


(Low to High) 


Output Transition Time: 


(High to Low) 


-Propagation Delay Time 


(CLOCK — Q, Q) 


Propagation Delay Time 


(SET, RESET - Q, 0) 


Propagation Delay Time 


(SET, RESET - Q, Q) 


Max. Clock Frequency 


Max. Clock Input Rise. 
Time 


Max. Clock Input Fall 
Time 


Min. Pulse Width 


= 


ct ct 
So] F lee 


(SET, RESET) 


Min. Clock Pulse Width 


<a ce 





rae a sa 
= a ps [rw pf 







(Ta=25°C, Vos= Ov, Cy =50pF) 


Ho WN} Ow W 
CU OOo Mm 


Cc 


1 


i 
15 
5 
10 
15 
5 
15 
5 
O 
15 
5 


a PU in Oo 

Cc Cc Cc O&O om 
\O 
i) 


NR © 

Ww 
NF 
CN ® 


No Limit 


ro 
uC 


NM WW OHT_N W 
WmWcol;m © 
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DYNAMIC ELECTRICAL CHARACTERISTICS 


Min. Set-up Time 


(DATA - CLOCK) 


Min. Hold Time 


(DATA - CLOCK) 


Min. Removal Time 


(SET, RESET -— CLOCK) 
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(Ta=25°c, Yss=ov, CL= = 


WAVEFORM 2 


20ns <0 ns 


NN 


C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4014BP 


TC4014BP 8-STAGE STATIC SHIFT REGISTER 
(SYNCHRONOUS PARALLEL OR SERIAL INPUT/SERIAL OUTPUT) 


TC4014BP is 8 stage shift register having PARALLEL 
IN/SERIAL OUT operation, which can also perform 
SERIAL IN/SERIAL OUT operation. In both parallel 
Operation and serial operation, the input data is 
obtained on the output of each F/F by rising edge of 
CLOCK input. (SYNCHRONOUS PARALLEL OR SYNCHRONOUS 
SERIAL INPUT) 

Switching of parallel operation and serial operation 
is achieved by P/S CONTROL input. PARALLEL operation 
is performed when P/S CONTROL is "H" and SERIAL 
operation is performed when it is "L". 


Ee Tc 
| vpp Vss-0.5 ~Vgs+20 
| Vin | Vgg-0.5~Vppt0.5 
re a 
pains 


=e 
-40~85 ie 


LOGIC DIAGRAM 


PARALLEL IN pi, Plo Pls PI4 


















DIP 16(3D16A-P) 






MAXIMUM RATINGS 












CHARACTERISTIC PIN ASSIGNMENT 














DC Supply Voltage 






Input Voltage 






Output Voltage 






DC Input Current 





: PIs 


Qy 
SERIAL IN 





Power Dissipation 





Operating Ambient 
Temperature Range 














Storage Temperature 
Range 







CLOCK 


PY/S 
CONTROL 









OUTPUTS & 


eansa0m 
P| eana | 

~[=[ «| 
eu] os | 
oe 


x ae 
CONTROL 
CLOCK QO) No Change 


4&3 Q)7~Q5=Internal 
OD, Level Change 


* > Don't Care 
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TC4014BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL TEST CONDITION MIN. 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0) 


CHARACTERISTIC ag TEST CONDITION [Vpp 12 © 
| W) MIN, 


5 
| I }<1lwA 
VoH he 10 : 
VIN=Vss,V 
S DD 15 
| lout] <1sA o) 
VOL] Vin=Vss Vp nm 
Ls 
| Vou=4. 6V 5 |-0. 
| VoOH=2.5V 5 : 
Output High 7 
Coe ee Tou | VOH=9.5V 10 : 
Vou=13.5V 15 , 
ViIn=Vss,; VDD 
TOL ; 
E 
VIL 





High-Level 
Output Voltage 


Low-Level 
Output Voltage 


5 
Output Low 
Current 
VIN=VSS, VDD 
VouT=0.5V,4.5V 
VouT=1.0V,9.0V 
VouT=1.5V,13.5V | 


Input High 
Voltage 


lIout! <14A 


Vout=0.5V,4.5V 
‘Input Low VouT=1.0V,9.0V 
NOLESE | VouT=1.5V,13.5V 

lToyrt! <14A 
Input ITH 


fees 


Quiescent 
e I — G5 
Device Current DD oy Vss 


* All valid input combinations. 
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TC4014BP 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


a | 


80 


CHARACTERISTIC SYMBOL 


Output Transition Time 


tTLH 
(Low to High) 












Output Transition Time 


(High to Low) 


Propagation Delay Time 


(CLOCK - Q) 


- Clock Frequency 


- Clock Pulse Width 


W 





- Clock Rise Time 


- Clock Fall Time 


trcL 
CECE 


ga] 


Set-Up Time 


tsu 
- CLOCK) 
Min. Set-Up Time 
Csu 
(PI ~ CLOCK) 
Min. Set-Up Time 
ne tsy 
(P/S - CLOCK) 
Min. Hold Time 
SI, 
(>, cx06K’ TH 
P/S 


Input Capacitance | CIN 


TEST CONDITION 
}Vpp (V) 


110 





5 


10 
15 


[8 » 








po sane 5 
Ps 
cone 
3 Z 
oF) rH 
fa 


he 
~ WT WD © NH 
oOo Oo Oo, oO Oo & 


180 


Oo 
io) 


~ 
. mR WwW BD DB 
E oO oO CO] © 


= 
on -) 
n N n 


Nn 


” 


ns 


pF 


WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1. WAVEFORM 2. 





TC4014BP 
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SS 1C401 5BP/BF CMOS DIGITAL INTEGRATED CIRCUIT 
= | ‘ | SILICON MONOLITHIC 





TC4015BP/TC4015BF DUAL 4-STAGE STATIC SHIFT REGISTER 
7 (With Serial Input/Parallel Output) 


TC4O15BP/BF contains two circuits of 4 stage shif 
registers and the independent output is derived from 
each stage. As all the D type flip-flops of every 
stage have common RESET input, asynchronous clear oper 
‘ation can be achieved by an external signal at arbi- 

| trary timing. The flip-flop of each stage is triggered 
by rising edge of CLOCK input. 
RESET input of "H'" level resets the contents of all 
the stages to "L". regardless of CLOCK and DATA inputs 
and all of data outputs Q1 through Q4 become "'L". 
This can be used for converting serial data to paralle 
}one and for ring counters of any numbering systems. 











ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC UNIT 


DC Input Current +10 


Power Dissipation | Pp | 300 (DIP) /180 (MFP) 


Operating panne 
Temperature Range 
Storage 
Z -65% 
Temperature Range stg HL U 
Tsol 


Lead Temp. /Time 260°C -10 sec 





PIN ASSIGNMENT 






Vpp 


DATA B 





mW RESET B 


2Q18B 


° 


C | 


LOGIC DIAGRAM | ene 
1/2 TC4015BP/BF 6) @ | 
az \t Qs Ge wal) 


DATA 


%) 


a 
as 


Q2zB 


Q3B 











Q4A 









NO CHANGE 


A: LEVEL CHANGE 
* : DON T CARE 
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TC4015BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC | SYMBOL] TEST CONDITIONS |Vpp UNITS 
Sa ae 
High-Level IZTour | <1uA 4.95 ee ey 4.95 
Output Voltage VineVess V 995 9.595.11.0'.00 295 
Pesos DD lie: 95 4.95 15.00 


Low-Level IIour|<Lua 0|0.05 
Output Voltage .00;0.05 


00} 0,0 












Vin=Vss, Vpp 

Voy=4.-6V 

| Output High Vou=2-5V 
Current VoH=9-5V 
Voy=l3.5V 


Output Low 
Current 


DD 
Ree avis 4.5V 
Input High Vout=1 sOVe~ OS OV. 


Voltage Vour=1-5V,13.5V 


| Zour | <1uA 
Vour=0.5V> 4.5V 


Input Low VoytT=l.O0V, 9.0V 
Voltage 


ee 
Current"; " 
Level 


Quiescent 








Device Current 





* All valid input combinations. 


113 


TC4015BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, CL=50pF) 


CHARACTERISTIC 


Output. Transition Time 
(Low to High) 





70 200 
35 100 
30 80 
70 200 
35 100 
30 80 
ns 
130 320 
60 160 
50 120 
90 400 
45 200 
40 160 


SYMBOL| TEST CONDITION MIN. 














Output Transition Time 
(High to Low) 


ct ct 
KI ri 
an Es 
as ro 


KE ao fH eS bP bb oe bt bs ba pe a 
OUINOU|!| NOU UOU|UOU|/UNOU!lLUOUl USOUUOU|{s 


co DS WW ; 
nm 

NF 

On © 












Propagation Delay Time 


CpoLH 
(CLOCK — Q) 


CoHL 


Propagation Delay Time 


(RESET - Q) COuL 



























Max. Clock Frequency Ec MHz 
35 180 
Min. Clock Pulse Width tw 25 80 
20 50 
50 200 
Min. Pulse Width 2 ) 
twH 5 80 
| (RESET) 20 60 
8 
Min. Set-up Time é 4 i ns 
(DATA - CLOCK) oe 0 30 
Min. Hold Time ty : 
(DATA — CLOCK) 15 4 20 
8 
Min. Removal Time t s i 
7 Yr 
(RESET — CLOCK) =m 15 20 
Max. Clock Input Rise Time tren 10 No Limit us 





Max. Clock Input Fall Time 


MN 


Cecr 15 


Input Capacitance Cin 








Ts 
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WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





WAVEFORM 1 


WAVEFORM 2 WAVEFORM 3 


20ns 20ns 


a : 90% 
10% 


f 10% 
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NN 





| 
| 


TC4016BP/BF 


TC4016BP/TC4016BF QUAD BILATERAL SWITCH 





bidirectional switches. 


Rorr(TYP.) > 1072 


-TC4016BP/BF contains for circuits of independent 


When 


placed at "H" level, the impedance between the input 
|and output of switch becomes low and when CONT is 
placed at "L" level, it becomes high. This can be 
used for switching analog and digital signals. 
Resistance during ON, Ron 
2.5x 102Q(TYP.) ....... Vpp-Vgs=10V 


1.5 107Q(TYP.) 2.2.2.6. Vpp-Vgg=15V 


Resistance during OFF, Rorr 


ABSOLUTE MAXIMUM RATINGS 








Control Input Current 
Power Dissipation 


Operating Temperature 
Range 


{Storage Temperature 
Range 


Lead Temp./Time 


LOGIC DIAGRAM 


(1/44 TC4016BP/BF) 














Tso01 


TA 


control input CONT is 













300 (DIP) /180 (MFP) m 


fo] 


+ 
e 
° 
2 
< 
a| cd 2/2/75 3 
YA 


-40%85 


-65 1150 


° 


260°C + 10 sec 
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~C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


1 


DIP14(3D14A-P) 


1 


MFP14(F14GB-P) 


PIN ASSIGNMENT 


OUT/INI 
OUT/IN2 
IN/OUT2 

CONT2 


CONT. 
Vss 


(TOP VIEW) 





TRUTH TABLE 


CONTROL IMPEDANCE BETWEEN 
IN/OUT — OUT/IN x 








* SHE STATIC BLECTRICAL 
CHARACTERISTICS 


TC4016BP/ BF 





RECOMMENDED OPERATING CONDITIONS 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 





Input/Output Voltage Vin/Vout 


STATIC ELECTRICAL CHARACTFRISTICS (In case not specifically appointed, Vsg=0V) 


TEST 
CHARACTERISTIC | SYMBOL CONDITIONS 


Control I t 
ee aa oe Vig | |Iis|=10ua 
High Voltage 


Control Input | 14 | LOuA 
is|=10u 
Low Voltage 


VIN=5V 
Vin=2 ~oV 
Vin=0.25V 
Vi n=Lov 
VIN= V 
Vin=0.25V 


On-State Vin=i5V 
Resistance Vin=/.5V 
Vin=0.25V 


Vin=/.5V 
Vyyzt0.25V 


VIN=-7.5V 


AOn-State 
Resistance 
Cotes Any 
2 Switches 


15 
15 
5 

5 

5 
ee) 
7.5 
eye) 
5 
7.5 


Ke 
ee) 


Input/Output Vin=L8V,Voyr=0V 
Leakage Current VIn=OV, VoyT=18V 


Quiescent 


Device Current 


Input Current 





BPR | Re be 
co}alumo wl o 


* All valid input combinations. 
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TC4016BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C) 


CHARACTERISTIC SYMBOL TEST CONDITIONS Veg (V) |Vpp(V) 
CpLH 5 


Propagation Delay Time 


e 


24 45 













r CL=50pF 10 11 | 15 
eae a 15 g | 12 
; ns 
Propagation Delay Time CpLH -) 35 70 
10 20 | 40 
(CONTROL - OUT) 
15 17 | 30 





(e) 















Max. Control Input 


bb 
NO 


Repetition Rate 


a 
NO 


C DHL 
EMAX 
(CONT) 


Rp =lko 
RL =2k2 

£ 

(I -0) Ry =160k2 
Ry =1M2 ; 
CL =L5pF 


Total Harmonic RL =1LOke 25 5 
Distortion f=1MHz (*2) 

-50dB Feedthrough . 5 
Frequency oe eo) - 


-50dB Crosstalk 
Frequency 


: 


e 


-3dB Cutoff Frequency 





1S) 
Nm NM NH NW 
NO we WwW 


S 
os, N 
be -_ N 
On 
~s 
un 


ms) 
Co 
i 
e 
x 
=O) 
co 
& 
ee 
ees & 
uw 
a 
i pede 
bb 
uouw 
o-O°O 
ge =) aw. 
N N 


Crosstalk 
(CONTROL - OUT) 











; Control Input 
Input Capacitance Cry 
Switch 1/0 
Feed through Capacitance] CryN-ouT 
Vos__ 


*1 Sine wave of +2.5Vp-p shall be used for Vis and the frequency of 20 logloy, | 3dB 


bee 





oO 
ez) 





shall be fax. 
*2 Vig shall be sine wave of 12.5Vp-p. 


| V 
*3 Sine wave of +2.5Vp-p shall be used for Vy, and the frequency of 20 logy 9¢--=-50dB 
is 
shall be feed-through. 


V 
*4 Sine wave of +2.5Vp-p shall be used for Vig and the frequency of 20 Logi o7-=-50dB 


is 
shall be crosstalk. 
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TC4016BP/BF 





CIRCUIT FOR MEASUREMENT OF ELECTRICAL CHARACTERISTICS 
tpt» tpHy (CONTROL - OUT) 


Ry, = 1kQ 
Cy = 50 pr 


(Vin-Vour) 
feelin = Ce) 


Vv 
OUT Vour 


Rp =10kQ 


t-=20ns tr=20ns 


CONTROL 


Ry =1ka 
Cr, =50pF 
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TC4016BP/BF 





CIRCUIT FOR MEASUREMENT OF ELECTRICAL CHARACTERISTICS 
CROSSTALK BETWEEN ANY TWO SWITCHES 





SWITCH ON 


ress eres os, ate? ES ees ee 


SWITCH OFF 


CONTOROL IN 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC ; 


TC4017BP/TC4017BF DECADE COUNTER/DIVIDER 


TC4017BP/BF is decimal Johnson counter consisting of 
5 stage D-type flip-flop equipped with the decoder to 
convert the output to decimal. 

Depending on the number of count pulses fed to CLOCK 
or CLOCK INHIBIT one output among 10 output lines 
"Qo" through 'Q9" becomes "H" level. 


The counter advances its state at rising edge of 

CLOCK (CLOCK INHIBIT="L") or falling edge of CLOCK 
INHIBIT (CLOCK="H"). RESET input to "H" level resets 
the counter to Qg="H" and Q] through Qg="L" regardless 
of CLOCK and CLOCK INHIBIT. | 





MAXIMUM RATINGS 


CHARACTERISTIC 


|DC Supply Voltage 










Lin 
Pp 
| 








Input Voltage 





Output Voltage 














DC Input Current 








Power Dissipation 








Operating Ambient 
Temperature Range 








Storage Temperature 
Range 


CLOCK 
INHIBIT 
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1C4017BP/BF 


VppD 
RESET 


CLOCK 


g CLOCK 
INHIBIT 


CARRY OUT 


Qo 
Q4 
Qg 


(TOP VIEW) 





TRUTH TABLE 

















INPUTS 


enoce | oe. 
psf 


SELECTED 


RESET | OUTPUT 


ees: 
Qn (NC) 
Qn+ 1 


[an (nc) | 
jn (HC) | 
| ant a | 


he 
oe 
a 
H 
a 


a; 





Level Change 
* 5 Don't Care 


NC ; No Change 
VHY = @o~ Qa = 1H) 


CARRY OUT 
ARRY { "T" ...Q5~Q9="H 






i 





TC4017BP/BF 





TIMING CHART 


RESET eee ee eee ee ee 


CLOCK 
CLOCK . 
INHIBIT - 
Qo 
— | | ty ft 
ate od 


Qi 
Qe2 
Qs 
Qa 
Qs 
Q6 
Qy 
Qg 


Q9 


CARRY OUT 


High-Level I TouTl<l#a 
Output Voltage Vin=Vss,VpDD 


Low-Level IToprl<l4a 
Output Voltage VIN=Vss;Vpp 
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TC4017BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC TEST CONDITION 


Vou=4. 6V 
VoOH=2.5V 
ToH!| VoH=9.5V 
Voy=l3.5V 


ViIn=Vss,VppD 


Output Low 
Current 
VIn=Vss,VpD 


VouT=0.5V, 4.5Vj 5 
Input High | VouT=1.0V, 9.0V| 10 
Voltage VI 
VoutT=1.5V,13.5Vj 15 
] lout] <A 
IL 


Output High 
Current 


{ 
VouT=0.5V, 4.5Vvj 5 
Input Low VoutT=1.0V, 9.0V} 10 
Voltage - 
VouT=1.5V,13.5V) 15 
| lout! <1l#A 


Input ITH| VIH=18V 18 


Quiescent 
Device Current 


* All valid input combination. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


5 
Output Transition Time 
t 10 
(Low to High) TLH 
15 
ae .) 
Output Transition Time 
t 
(High to Low) THL 


10 
rE 
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TC4017BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, CyL=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION 
| ; Vpp (V) 
| > 
tpLH 
tpHL 
tpLH 
CpHL 















<< 
tH 
Z, 





| Propagation Delay Time 


(CLOCK =—-04)- 








Sl pee 
in [ir © 






| Propagation Delay Time 


(CLOCK - CARRY OUT) 










Propagation Delay Time 


eae ~ Qn 
RESET - CARRY OUT 





Max. Clock Frequency 





Min. Clock Pulse Width 


Min. Pulse Width 


tw 10 
(RESET) 


Hh ct oct 
QD go 
tH mb 
rt. 
ion Roe be 
Gi, > AOR PU “OP tar LG 
on N 
SN uw 





Max. Clock Rise Time 


Max. Clock Fall Time 





Min. Set-up Time 


(CLOCK INHIBIT - CLCOK) 


Min. Removal Time 


(RESET ~- CLOCK) 


Input Capacitance CIN 
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TC4017BP/BF 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1. 


CLOCK 


CARRY OUT 


WAVEFORM 2. 


CLOCK 
INHIBIT 


Qo, 
CARRY OUT 
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| 
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wn 


T 401 SBP -C’MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 





TC4018BP PRESETTABLE DIVIDE-BY-"N" COUNTER 


TC4018BP is frequency division counter consisting of 
5 bit Johnson counter having capability of frequency 
division by the factors of 1/2, 1/4, 1/6, 1/8 and 
1/10 by connecting outputs Q] through Q5 to DATA 
input. Similarly by connecting the outputs of Q] 
through Q5 to DATA input through gates, frequency 
division by the factors of 1/3, 1/5, 1/7 and 1/9 can 
be achieved. 

RESET and PRESET are sienenicnane type and when 
RESET="'H", all of Q1 through Q5 are "H"'. When 
PRESET ENABLE="H", Qn is complement of INp. 

The counter advances its state by rising edge of 
clock input. 










DIP 16(3D1 6A-P) 











MAXIMUM RATINGS PIN ASSIGNMENT 


DG Tapat Current [tm | Ho 
es ae 


Operating Ambient 
Temperature Range 
Storage Temperature 


Lead Temp./Time 260°C + 10sec. 


LOGIC DIAGRAM 














INe 
PRES ET 


2) (3) 7) (9) 
ENABLE (0) [po 
ruse (¢s)—DoD 56 Is) Is 


DATA 2 Q [Hel 
CLOCK (14) {i >o—f>o Alle) 


* RESET precedent type F/F A 4 





Qi Qs 
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TC4018BP 





TIMING CHART 


CLOCK 
RESET 


PRES BT 


ENABLE 
INo 
DON'T CARB i 
INg UNTIL PRESET 
GOES HIGH 


(Q@5 CONNECTED TO DATA LNPUT) 





FUNCTION SELECTION, TRUTH TABLE 
| FUNCTION SELECTION TRUTH TABLE 


CONNECT 
eee DATA INPUT COMMENTER 
(Pin 1) to 


10 (Division) 


re Oo 


HS S| OH HO OD 
wo WA 


fy 


*K Don't care 
USE AND GATE 42 No Change 


On 
ip 


A 


~w 


2} 2| 2 2 
WA - 


S| S| S| HI 


wo 
rom 
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TC4018BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL | TEST CONDITION 


DC Supply Voltage 
[input Voltage ee 


STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V). 


| cuaracrerrstic [S™-|resr conprrron [¥pp 85°C 
| cv) | wan. | wax. | mow. | ove. | max. | ow. | 2 


SYM- 
BOL 
We 5} 4.95 ~ | 4.95] 5.00 
}] louT] < 1A 
VoH | 10} 9.95 9.95110.00 
VIN=VSS,VDD 
15 114.95 14.95 115.00 
| 


















| High-Level 
|Output Voltage 










5 0.00 
10 0.00 
15 


lIout]<1#A 






Low-Level 
Output Voltage 





VIN=VSS;VppD 































VoH=4.6V 5 
Vop=2-5V 5 
eee rer Iou| Vou=9. 5V 10 
VoH=13.5V 15 
VoL=0.4V 5 
[Output Low Ior,{ VOL=O SY 10 
}Current VoOL=1.5V 15 
VouT=0.5V,4.5V 5 
Input High vee VoUT=1.0V,9.0V 10 
pOreeee VouT=1.5V,13.5V] 15 
5 | 

Input Low VIL 










Voltage 











Vout=0.5V,4.5V | 
VouT=1.0V,9.0V 10 
VoutT=1.5V,13.5V} 15 


CUESERE "L" Level ItL}| ViL=0V 
5 


ViIn=Vss,;VpD 
*« 


* All valied input combinations. 





Quiescent 
Device Current 
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—TC4018BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, CL=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION MIN. TYP. MAX. UNIT 
| ckaracrenrstic —— |symot VpD ap MN fore | max 
5 80 200 


Output Transition Time ‘ 
(Low to High) TLH 












i] 





r+ fe 
im} © 
Wi 

>) 

‘a 

ee) 

2) 


Output Transition Time 
(High to Low) 
15 











Propagation Delay Time 


(CLOCK =") 


CpLH 
CpHL 





Propagation Dealy Time 
pag y tpLH 


PRESET 
( CpHL 


ENABLE _ 


boo ho roe be 
Gr 4 SO. Po > a ere Oh oO 
fee qeee 
KH WwW Kw 
Cr O}/@ #F OO 
On (Oe OS: OO 
FEF me AlF MY AIF NY UW FN 
OO ts OOS.) at. tear ORS. i ONO” eS 
ee Se SOS COO OSs re 1 
| oe | oe fe 
On W 


Propagation Delay Time " 
| (RESET - Q) pLH 


Clock Frequency Ect, 


al oa 
nA Ou 
wn 
Cc uN 
Re 
Dn PP 
cs 
a7 
N 





Clock Pulse Width tw 


3 








a 
5 
Clock Rise Time trch 
10 LS 
Clock Fall Time tech 
15 
: ; 5 
Min. Set-up Time 
t 10 ns 
(DATA - CLOCK) Su 
15 
: 
Min. Hold Time 
t 10 ns 
(DATA — CLOCK) H 
15 
Min. Removal Time 5 
SPE, trem 10 ns 
fae cLocK] 15 
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TC4018BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, CL=50pF) 


CHARACTERISTIC SYMBOL] TEST CONDITION 
amen pe 


cat “| El 











Cs une 
RESET 


Input al alia tance | cn 





WAVEFORM 1. 


WAVEFORM 2. 


PRESET ENABLE, 
RESET 


WAVEFORM 3. WAVEFORM 4. 


PRESET ENABLE, 
RESET 
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C*MOS DIGITAL INTEGRATED CIRCUIT TC401 OBP/BF 
SILICON MONOLITHIC 





TC4019BP/TC4019BF QUAD AND/OR SELECT GATE 


TC4019BP/BF is four circuit AND-OR SELECT GATE. 
The basic circuit consists of two 2 input AND gates 


and an OR gate receiving two outputs from the AND 


legates. The input signals applied to An and Bn (n= 


14) are selected by the common selection input to 
all the four circuits, KA and KB and the outputs are 
obtained at Dn. 

This is suitable for data selectors and I 


multiplexers of 4 bits 2 channels. 





MFP16(F16GC-P) 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 
DC Supply Voltage Vsg -0.5 VVgg +20 
Input Voltage Vssg -0.5 vVpp +0.5 V 
Output Voltage Vout |Vss -0.5 %Vpp +0.5 V 
I | 
W 
C 
°C 







PIN ASSIGNMENT 











Pover Dissipation | Pp | 300(DIP)/180(MFP) 
Operating -40 85 
Temperature Range 


Ta 
T 
260°C -10 sec 






a 






|Storage 
Temperature Range 











Lead Temp. /Time 
LOGIC DIAGRAM 





(TOP VIEW) 





TRUTH TABLE 


INPUTS 








> 
B 


Per | Ee pct died oe pee bet fea 


ame ae aes ee ee 


L : LOW LEVEL 
H : HIGH LEVEL 
* ! DON’T CARE 





A 


TC4019BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 


CHARACTERISTIC SYMBOL | 
DC Supply Voltage Vpp 
Input Voltage VIN 





High-Level 
Output Voltage . 
: | Vin-Yss> Yop 


Low-Level [Tour |<luA 
Output Voltage | — _ 
Vin=Yss> Vpn 


Vou=4.6V 


Output High Vou=2-5V 
Vou=9 ~oV 


Voy=13.5V 
Vin=Vss> Vpp 


Current 


Output Low 
| Current 
Vin=Yss> Ypp 
| Voyt=0-5V, 4. 
| Input High Voyr=1.0V, 9. 
| Voltage Vopr 1b 513 


VoutT=0.5V, 4. 
Input Low VoutT=1.0V, 9. 
Voltage Vout=1-5V,13. 


Quiescent 


| Device Current 





* All valid input combinations 


132 


TC4019BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=O0V, C,=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION Vpp (VY) Jee 
Output Transition Time € 
: : TLH 
(Low to High) 
10 
Output Transition Time | of 
(High to Low) THL 15 
5 
10 
Bs) 


CIN 
KA, KB Input 





70 
= 











300 
120 


100 
300 
120 


\Propagation Delay Time 


(A, B - D) 







Propagation Delay Time 


(KA, KB - D) 








[Input Capacitance 






OUTPUT 
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Ni 


16402 OBP/BF C’MOS DIGITAL INTEGRATED CIRCUIT 
) SILICON MONOLITHIC 





1 


TC4020BP/TC4020BF 14 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 


TC4O020BP/BF is 14 stage ripple carry binary 
counter having asynchronous clear function. The 
counter advances its counting stage by falling edge 
of CLOCK input. When RESET input is placed "H", all 


the circuits are reset regardless of CLOCK input making 
all the outputs (Q1, Q4%Q14) to be "L". 

|This is most suitable for frequency dividers, control 
circuits and timing circuits. 


DIP16(3D16A-P) 





ABSOLUTE MAXIMUM RATINGS 
RATING 
Vss-0.5% Vgst20 V 


Vgg-0.5 4 Vppto.5 V 


ae 
=: 


1 


MFP16(F16GC-P) 


mld 
‘ 
Temperature Range 

Storage 


Lead Temp./Time Tso01 260°C + 10 sec 


TRUTH TABLE 


CLOCK A RESET OUTPUT STATE 
ALL OUTPUTS="L" 


+ NO. CHANGE 
:_ ADVANCE TO NEXT STATE 
: LEVEL CHANGE, *: DON'T CARE 

LOGIC DIAGRAM 
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TC4020BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


CHARACTERISTIC SYMBOL Ee MIN. TYP. UNITS 
DC Supply Voltage =| vo | | 3 | - | 12 {| vi | 


STATIC ELECTRICAL CHARACTERISTICS (Vss=O0V) . 


CHARACTERISTIC | SYMBOL| TEST CONDITIONS ee 
V 
5 | 4.95 4.95} 5.00 


High-Level 
Output Voltage 



























| Zour|<1ua 










Vin=Vss> Vpp 















[Zour |<1ua 






Low-Level 


Output Voltage Vin=Vss, Vpp 







Vou=4. 6V 






Output High VoH=2.5V 
Current VoH=9.5V 
Vou=13.5V 





VIn=Vss, Ypp 


Output Low 


Current 















VIN=Vss> Vpp 
VouT=0.5V, 4. 
VouT=1.0V, 9.0V 
VouT=1.5V,13. 


Iout|<1uA 


VoutT=0-5V, 4. 
VouT=1-OV, 9. 
Vout=1.5V,13. 











Input High 
Voltage 











Input Low 
Voltage 


Quiescent 
Device Current 









% 


* All valid input combinations. 
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TC4020BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF) 


a CHARACTERISTIC SYMBOL| TEST CONDITIONS Vpp(V)| MIN. 


Output Transition Time 
(Low to High) | 80 
70 200 
35 100 
30 80 
160 360 | 
80 160 
65 130 




















CTLH 






‘Output Transition Time 
(High to Low) 






CTHL 










Propagation Delay Time 


(CLOCK - Q1) "pLH 






Propagation Delay 
(CLOCK - Q1) 





CDHL 






Propagation Delay 
(CLOCK - Q14) 






CoLH 


loon bi bh Re lee 
NAOUlINOUING ULUodUInNouU 





Propagation Delay 
(CLOCK - Q14) 






fH 
ow 


CpHL 






— 
On 






Propagation Delay 
(RESET -Q) 


a 
ow 


CpHL 








Ww 





Max. Clock Frequency £Cq, 


Min. Clock Pulse Width 


be he 
OUlNUoOW 





ee) 


Min. Pulse Width 
(RESET) | 





10 


— 
oa) 






oz 


Min. Removal Time 
(RESET - CLOCK) 






10 


‘S 
en) 


ct ct ct 
Kh < = 
(D 
5B 
re 
un 






Max. Clock Input Rise Time 





ct 
im} 
-) 
Je 
ou 





Max. Clock Input Fall Time 


| Input Capacitance 


Cf£CL 


i?) 
an 
Az 
a 
oa) 
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TC4020BP/BF 





WAVEFROM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 WAVEFORM 2 


CLOCK 50% 
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DC Supply Voltage VDD Vss-0.5 ~Vss+20 ze 


164021 BP C*MOS DIGITAL INTEGRATED CIRCUIT 
sean | SILICON MONOLITHIC 


TC4021BP 8-STAGE STATIC SHIFT REGISTER 
(ASYNCHRONOUS PARALLEL INPUT OR SYNCHRONOUS SERIAL 


INPUT/SERIAL OUTPUT) 
TC4021BP is 8 stage parallel in/serial out shift 
register, which can be used also for serial in/serial 
out operations. 
In the case of parallel operation, the data of 
PARALLEL IN is input to each F/F asynchronously with 
CLOCK and the output is obtained. In the case of 
serial operation, each F/F is triggered by rising edge 


of CLOCK. (ASYNCHRONOUS PARALLEL OR SYNCHRONOUS 
SERIAL INPUT) ee, eS 

Switching of PARALLEL operation and SERIAL operation 
is achieved by P/S CONTROL input. When P/S CONTROL 
input is "H", PARALLEL operation is designated and 
when it is "L", SERIAL operation is designated. | PIN ASSIGNMENT 


DIP 16(3D16A-—P ) 





VDD 


MAXIMUM RATINGS ) 15 § Ply 


PI6 
UNIT 












PI5 
Q7 


SERIAL IN 
CLOCK 


V 
°C 









» Q)~Q5 Internal 
» Level Change 
; Don't Care 


FLIP FLOPS 
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TC4021BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL TEST CONDITION 
DC Supply Voltage VpD 
Input Voltage 


STATIC ELECTRICAL CHA 


SYM- 
CHARACTERISTIC 


High-Level Tout! <1aaA 
Output Voltage VIN=Vss, VDD 


Low-Level ]} lout! <1l#A 
Output Voltage Vin=Vss,Vpp 


Output High 
Current 


Output Low 
Current 


Input High 
Voltage 


Input Low 


Input 
Current 


1] 


Quiescent 
Device Current 


Noe 
So. 


© e WwW 
he Oo oO Ww 





* All valid input combinations. 
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-7¢4021BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, CL=50pF) 


CHARACTERISTIC 


Output Transition Time 
(Low to High) 





Output Transition Time 
(High to Low) 


Propagation Delay Time 


| (CLOCK - Q) 


Propagation Delay Time 


(P/S - Q) 


. Clock Frequency 


- Clock Pulse Width 


- Clock Rise Time 


. Clock Fall Time 


Set-up Time 





- CLOCK) 





Set-up Time 


— P/S) 





n. Hold Time 
& - CLOCK 
I\PI - P/S 





Min. Pulse Width 
(P/S — CONTROL) 





















SYMBOL 


ee 
| 


bk 
bal. “Ce Ga 


TEST CONDITION [yD (Wy 


5 
10 
15 
5 
10 
15 
5 
10 
15 
> 
10 
1 
5 
10 
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CO 
Ur ON Ww 


MIN. 





TYP; 


150 


No 
es) 
© 


90 
60 


6.5 
18 
24 











460 
180 


120 


180 


Ww © 
Oo Oo 


g 
oP) n 


3 


3 


; 3 
9) n 


MHz 


=) 


ns 


nhs 


nhs 


ns 


-7C4021BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cy=50pF) 


CHARACTERISTIC 


Min. Removal Time 


(P/S — CLOCK) 


10 


15 


WAVEFORM 1. 


WAVEFORM 2. WAVEFORM 3. 


WAVEFROM 4. 


PY/S 
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TG64022BP C’MOS DIGITAL INTEGRATED CIRCUIT 
: = i SILICON MONOLITHIC 





Tc4022BP_OCTAL_COUNTER/DIVIDER 


TC4022BP is octal Johnson counter consisting of 4 
stage D-type flip-flops and equipped with decoder 
which convert the output to octal. 

Depending on the number of count pulses applied to 
CLOCK or CLOCK INHIBIT input, one of eight outputs Qg 
through Q7 becomes "H". The counter advances its 
counting state by rising edge of CLOCK when CLOCK 
INHIBIT="L" and by falling edge of CLOCK INHIBIT when 
CLOCK="H".. 

RESET input with "H" level resets the counter to 
Qo="H" and Q]~ Q7="L" regardless of CLOCK and CLOCK 
INHIBIT. 













DIP 16(3D16A—P) 


MAXIMUM RATINGS 


ee 
: 


Operating Ambient ? epi 
Temperature Range | 40 ~85 
Storage Temperature a 


Lead Temp./Time 260°C -10sec 


LOGIC DIAGRAM 


CLOCK CLOCK | | TRUTH TABLE 
INHIBIT 





PIN ASSIGNMENT 










Vpp 
RESET 


CLOCK 


CLOCK 
INHIBIT 


CARRY OUT 
Q4 | 


Qy 
NC 


+ 

jd 

Oo: @ 
Ui tu 


° 


ss lefelele 





(TOP VIEW) 








INPUTS 
SELECTED 


OUTPUT 


a 











CLOCK 
INHIBIT 


5 
™! 
eS 
rH 






ae 


4 ;, Level Change 
* ; Don't Care 
NC ; No Change 













u " eee ~ =" " 
CARRY ouT{,©, 207837 HF 
L" --Q4~Qy='H 
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TC4022BP 





TIMING CHART 


N 
AFHAR AAA Poo 
CLOCK INHIBIT bikbihhl ; ; ; s 
e PCE 
_ a SSERER 


Qi 


Qe2 
QZ 
Q4 
Q5 
Q6 


Qy 


CARRY OUT 


i 
Tm [oe 


— -40°C 25°C.” 


5 


4.95 4.95; 5.00 
|} Tout] <14A 
High-Level 

pee eitees POe gee 10] 9.95 9.95|10.00 
15}14.95 14.95}15.00 
5 : 0.00 
Low-Level : |} Tout] <14A . ae 

Output Voltage OL! ViN=Vss,Vpp ; 
| 15 0.00 
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CHARACTERISTIC 





TC4022BP 





STATIC ELECTRICAL CHARACTERISTICS (Vss=O0V) 








1 CHARACTERISTIC 


Vou=4. 6V 
VoH=2.5V 
VoH=9.5V 
VoH=13.5V 


Output High 
(Current 


Output Low 
Current 


VouT=0.5V,4.5V 


Input High VouT=1.0V,9.0V 
Voltage | 


VouT=0.5V,4.5V 
Input Low |\VouT=1.0V,9.0V 


Quiescent 


Device Current Ipp eae 





« All valid input combinations. 
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°c, Vss=0V, CL=50pF) 


CHARACTERISTIC SYMBOL| TEST CONDITION 


[Output Transition Time 
|(Low to High) 





Output Transition Time 
| (High to Low) 
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TC4022BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=OV, Cy=50pF) 


CHARACTERISTIC SYMBOL] TEST CONDITION MIN. 
Vpp (V) 
5 


Propagation Delay Time tpLH 

10 
(CLOCK — Qn) tpHL 
| 15 
















Propagation Delay Time tpLH : 
10 
(CLOCK -— CARRY OUT) tpHL 
15 
Propagation Delay Time 5 
RESET - Q : } £ 
eae ~ CARRY OUT pHL 





Max. Clock Frquency feu 





Min. Clock Pulse Width tw 


=) 


Min. Pulse Width 
(RESET) 


Max. Clock Rise Time trcLh 
Max. Clock Fall Time CFECL 


Min. Set-up Time 


3 
0) 


(CLOCK INHIBIT - cLock)| "SU 


Min. Removal Time 


(RESET - CLOCK) Crem 


| Input Capacitance CIN 


3 
iO) 


- i 
wn a 








pF 
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TC4022BP 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1. 


CARRY OUT 


WAVEFORM 2. 


CLOCK 
INHIBIT 


Qo ’ 
CARRY OUT 
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C*MOS DIGITAL INTEGRATED CIRCUIT T™C4024BP/ BF 
SILICON MONOLITHIC 


LIM 





TC4024BP/TC4024BF 7 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 


TC4024BP/BF is 7 stage ripple carry type binary 
counter having asynchronous clear function. 


The counter advances its counting state by falling 


ledge of CLOCK input. 
1 


When RESET input is placed at "H", all the internal 
DIP14(3D14A-P) 


flip-flops are reset making all the outputs Ql 


through Q7 to be "L" regardless of CLOCK input. 14 


This is suitable for frequency divider circuits and . 


control circuits. MFP14(F14GB-—P) 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 
r 
Pp pm | 
Z iy 
Tso1 









PIN ASSIGNMENT 














Operating 
Temperature Range 







Power Dissipation W 
storage o 

T -65%1 C 
Lead Temp. /Time | Tso | 260°C * 10sec 


TRUTH TABLE 


CLOCK 
£ 


J 


A: Level Change, *: Don't Care 






V 
V 
ipati Pepe 3 300 (DIP) /180 (MFP) = 












(TOP VIEW) 














LOGIC DIAGRAM 
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TC-4024BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage * VDD 
Input Voltage VIN 


High-Level y 

| Output Voltage Vtin=Vss, Vpp 
Low-Level Vv 
Output Voltage 


OH 
OL 
Voy=4 .6V 
Vop=2.5V 
Output High lou ae 5y 
He 2 
Current Voy=13.5V 
Vin=Vss» Vpp_ | 
TOL 
VIH 





: 5 

Output Low ° 10 
Current eae 15 
| VouT=0.5V, 4.5V 5 
{nput High VoutT=1.0V, 9.0V | 46 
| Voltage VouT=l1.5V, 13.5V} 75 


| Input Low 


| Voltage 


VIL 
mee | 
I 
Current | "7," poe 
Level | IL 
|} Quiescent 
Ipnp 


| IN=Vss»> Vpp 
|Device Current 





* All valid input combinations. 
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TC4024BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF) 


; TEST - 


Output Transition Time . ? us 200 
: CTLH 10 100 
| (Low to High) 15 80 
| Output Transition Time d a 
(High to Low) 80 
Propagation Delay Time 3 
een CpLH 10 
(CLOCK - Q1) 
Propagation Delay Time 
pag » tpHL 
| . (CLOCK - Q1) 
Propagation Delay Time 
CoLy 
op pee Pp 
(CLOCK — Q7) 
Propagation Delay Time 7 
eee t 
(CLOCK -Q7) PEL 
| Propagation Delay Time < 
(RESET - Q) 15 


10 
15 


—_/ 















Jos 
Sa) 








ns 





— 
© 


ion KS 
Wiu Oulu ou 


= 
1S, 


Max. Clock Frequency MHz 


CrcL 


. Clock Input Rise Time 


10 
15 


Ss 
- Clock Input Fall Time Cech ° 





. Clock Pulse Width 10 


15 


z 


ct Fh ct 
Q ae] 
figs : : ie 
omg 
nn 





lMiae. ues Mee 
1n u e 1 10 


Bes 


: 


(RESET) 


| Minimum Removal Time t 10 


15 


pF 
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TC4024BP/B 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





WAVEFORM 1 © : WAVEFORM 2 
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WN 


C*MOS DIGITAL INTEGRATED CIRCUIT 16402 7BP/BF 
SILICON MONOLITHIC 





| 


TC4027BP/TC4027BF DUAL J-K MASTER-SLAVE FLIP-FLOP 


TC4027BP/BF is J-K master-slave flip-flop having 
RESET and SET functions. 


In the case of J-K made, when the clock input is 
given with both RESET and SET at "L", the output 
changes at rising edge of the clock according to 
states of J and K. 


Bk 
DIP16(S3D16A-P) 


7 


When SET input is placed at "H", and RESET input is 
placed at "L", outputs become Q="H", and Q="L". 
When RESET input is placed at "H", and SET input is 
placed at "L", outputs become Q="L", and Q="H". 
When both of RESET input and SET input are at "H", 
outputs become Q="H" and Q="H". 


1 


MFP16(F16GC-—P) 





PIN ASSIGNMENT 
ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 
DC Supply Voltage Vgs—9.5 vVggt20 | 


DD 
Input Voltage Vgg-0-5 VVppt0-5 
Tin 













Qi 





Qi 


CLOC K1 


Output Voltage Vout | Vsgg-0.5 vVppt0.5 


DC Input Current | Tin | +10 
[Power Dissipation | Pp | 300(DrP)/180(MFP) | mi 


Operating T Hanne 
Temperature Range i 7a) 

Storage rT 65 V150 
Temperature Range stg 


Lead Temp./Time Tsol 260°C +10 sec 


RESETL 





Kl 





Jl 








BRGGEEE 





(TOP VIEW) 





BLOCK DIAGRAM 
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1C4027BP/BF 





TRUTH TABLE 


ear rae ee ae 






ae . . 
L a ras 
Ply i ee eee ee 
ray ray 
a ee ee ae ee ae 
a 


* : DON'T CARE 

fy, 3 LEVEL CHANGE 
° : NO CHANGE 
ore CHANGE 








RECOMMENDED OPERATING CONDITIONS (Vgs=O0V) 


CHARACTERISTIC 





DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vgg=OV) 





3 
CHARACTERISTIC |SYMBOL | TEST CONDITION | VDD 40°C 
(V) 


High-Level 
Output Voltage = 

y = Vin=Vss» Vpp 
| Low-Level [Toy | <1 uA 


Output Voltage V 


V V 


IN ‘SS? 
VoH=4.6V 
Vop=2.5V 
Voy=9 + 5V 
Current Vou=13.5V 


Output High 


Vin=Vss> Vpp 


|Output Low 


Current 


= ibs 
Vin-Yss> Yop 
Vout=0-5V, 4.5Vi 5 
Input High | VoypTt=l.OV, 9.0V 


Voltage VoutT=1.5V,13.5V 
|Zour|<Lua 
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1C4027BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V) 


VouT=0.5V, 4.5V 
Input Low VoutT=l -OV ’ 9.0V 


tourists 425 


Voltage 


ee A be 
Input ItH = |Vyy_=18V 
Current ; "yy" T Se: 
Lever | 'r_|V1170v 


Quiescent Vin=Vss> Vpp 


Device Current 





ole 
“a 


All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Yss=ov, CL=50pF) 


| 5 
|}Output Transition Time ; 
tTLH 
(Low to High) 15 
Output Transition Time : 
PoHL 10: . 
(High to Low) 15 
‘ ; 5 
Propagation Delay Time 10 
15 
5 


(CLOCK - Q, Q) 





Propagation Delay Time 

| 2 10 

| (SET, RESET - Q, Q) i: 
5 

|Max. Clock Frequency LO 


Max. Clock Input Rise 
Time 

Max. Clock Input Dane 
i 


me 


dite) 
5 
10 
| 15 
: ‘ ) 
Min. Pulse Width 10 
(SET, RESET) 15 
5 
Min. Clock Pulse Width beg 10 
} 15 
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T0402 7BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Continued) 


Min. Set-up Time 


(J, K - CLOCK) 


Min. Hold Time 
(J, K - CLOCK) 


Min. Removal Time 
(SET, RESET - CLOCK) 


WAVEFORM 1 


WAVEFORM 2 WAVEFORM 3 
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C*MOS DIGITAL INTEGRATED CIRCUIT 16402 8B P/BF 
SILICON MONOLITHIC 





TC4028BP/TC4028BF BCD-TO-DECIMAL DECODER 

The TC4028BP/BF is a BCD-to-DECIMAL decoder which 
converts BCD signal into DECIMAL signal. 

Of ten outputs from QO to Q9, one output correspond- 
jing to input BCD code goes to the "H" level and all 
the others remain at the "L" level. 

When D is used as inhibit input by use of three input 
lines from A to C, this decoder can be served as a 


BINARY—to-OCTAL decoder. 


MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 


DC Supply Voltage | Ypp | Vss-0.5 v Vsgt20 
Input Voltage | Vin | Vog-0.5% Vppt0.5 


Output Voltage Vout | Vss-0.5% Vpptd.5 V 


DD 
IN 
DC Input Current 
TA 
Ts01 


n 
KK 
K< 
es) 
OC 
oe 





a 
Power Dissipation PPD | 300 (DIP) /180(MFP) | mW 


V 

V 
Operating Temperature -40% 85 
Range 


Storage Temperature 65 150 
Range 
Lead Temp./Time | Tso1 260°C + 10 sec 


LOGIC DIAGRAM 


° 
io) 


ry 
n 
ct 
GQ 


° 
(?) 


INPUTS 


a 


EG 
ejejede ef elel Pele fel eee |e) 


| fet [ee fe J [es Le | maf | of | 


BSS Sco ocecmceicics 
BSCSSSeSSgecoceies 
Pelee ete lete [ele fe fele le] = |e 


jefe fe 
Ei 
a 
El 





pe | ee || [om foe | fee | Je Je fe fe | 


H=HIGH LEVEL L= LOW LEVEL 
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) 





TC4028BP/BF 


RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL Re MIN. 













|Tour| <1uA 
VInN=Vss>Vpp 


High-Level 
Output Voltage 













|Tour| <1uA 






Low-Level 





[Output Voltage Vin=Vss>Vpp 






Output High 
|Current 






Output Low 







|Current 










Vin=Vss,Vss 
VouT=0-5V, 4.5V 
VoutT=1.0V, 9.0V 
Vour=1-5V,13.5V 


Input High 








Voltage 







Vout=0.5V, 4.5V 
j Input Low Vout=l-. OV, 9.0V 


Voyr=1-5V,13.5V 





Voltage 





a Wo 

Input Level | | 

Current [|["L" I 
Level | “IL 
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TC4028BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vgc=0V) 


CHARACTERISTIC TEST CONDITION 
(Vv) 


|Quiescent 
Device T VIN=Veq, Vnp 
Current 





*AL1 valid input combinations. 
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vsgs=0V, Cy=50pF) 


CHARACTERISTIC 


Output Transition Time 
(Low to High) 


}Output Transition Time 
| (High to Low) 





Ky Biyt dD 
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16402 OBP/BF C’MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 





TC4029BP/TC4029BF PRESETTABLE UP/DOWN COUNTER 


TC4029BP/BF is up/down counter having the capabilities of 
preset operation, parallel carry connection and decimal/ 
binary switching. Switching of decimal counter and 
binary counter is controlled by BINARY/DECADE input ("H"- 
Binary and "L"'-Decimal), and switching of UP/DOWN is 
controlled by UP/DOWN input ("H'"-Count up and "L''-Count 
down). As PRESET ENABLE input at "H" level causes input 
information at Ayn through Dty to be directly input to 
the flip-flops, any arbitrary count can be set. The 
counter advances its counting state by rising edge of 
CLOCK input. 


MAXIMUM RATINGS 





































CHARACTERISTIC SYMBOL RATING 
DC Supply Voltage Vog-0.5 % Voct20 
Input Voltage V Veo-0.5 v Vpnpt0.5 PRESET 
S Yin | Yss DD RNABLE 
Output Voltage Vout Vgs-0.5 v Vppto.5 Dae 
DC Input Current 


Power Dissipation PPD 300(DIP)/180(MFP) | mw 


Operating Temperature -40% 85 
Range 


oo Temperature 65150 
Lead Temp./Time /Tso1 | 260°C * 10sec 
LOGIC DIAGRAM 


+ 

kr 

Oo 
G 
° = TA 
Q sia aie a ae 


DD 
IN 
= 
Ta 
Tgo1 








Ain AourT Bin B8our Cin CouT 


OQ © aA & a) & 


eaueat Pees a ee 2 
ENABLE a pope | mi iS 
/\ 


CLOCK (15) 


CARRY IN (5) re 
| e 
: —f : 
# ei 
LE 
UP/DOWN 40) >O | >O ot tT or rt 


BINARYY 
DECADE po 
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TC4029BP/BF 





TRUTH TABLE 


BINARY /DECADE OPERATION 


PRESET = 

' * Don't care 
NO COUNT 
BINARY COUNT 





TIMING DIAGRAM 


BINARY MODE - ee 
eae a arg el rey eric etal Se ora Or 53 da. 
CLOCK 


cs CEECRREGEREECEREGEE Gk 

ot © ESS RRRERRE See aa Bs se 
PRESET ENABLE 
Pee ec ire 


ipannuuEeeEeTetTaeneeez 


eee ak 
orn SERRE RRERE Ean RS a 
- TAL a9=_ 25% age 
Ho =e* akan = T+ Bones: 
Bout TTF tau 
Cour 


o TERRE BECP 


ee ere eee ae BEESRSAG Dea ee 
CARRY OUT 


CECADE MODE aie mY) 


8 


CLOCK 
peeEEEGLLLELEGULLEEEERUL, 
UP/DOWN 

moons LETT TRE 


AIN 
So go a 


CIN 

i PEPE 

a eo ee | [4 ae PR Re KH LT 
ee wri SFR 


Bout CAE 
con THA | KE aE ae it a 6 
er FELL aamnee 

CARRY OUT | 
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TC4029BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


| 40°C 25°C | 85°C 
CHARACTERISTIC |SYMBOL| TEST CONDITION a a UNIT 
usacransstc seo MIN ae a TYP. 


4,95} 5.00 1 95 
9.95}10.00 9.95 
}14.951;15.00 14.95 














lIourl < lA 
Vin=Vss» YVpp 


Low-Level 













|Tour| < 1A 





Output Voltage Vin=Vss> Vpp 


Output High 


Current 


Vin=Vss> Vpp 


Output Low 


Current 









Vin=Yss» Vpp 
Vour=0 ~OV 9 4.5V 
Vour=1 e OV 9 9 e OV 


Vour=L e 5V, 13 ~oV 






Input High 







Voltage 






|Tour| < uA 
Vout=0.5V, 4.5V 
Vopr=1-0V, 9.0V 


Hovis 13.5V 


15 


mai 
Viy=l8v 18 
| Input |Level a 
| Current |"L" 
| V =OV- 18 


Input Low 









Voltage 
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TC4029BP/BF 





STATIC ELECTRICAL CHARACTERISTICS a 


Quiescent 0.005 ral 
0.010 - 300 | LA 
0.015! 20 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vsos=0V, Cy=50pF) 


ee a 
CTLH 10 
15 

5 

CTHL 10 
15 




















Device Current 





Vip=Yss» Vpp 





* All valid input combinations. 


Output Transition Time 









(Low to High) 







Output Transition Time 






(High to Low) 


























Propagation Delay Time "pL ? 
: 10 
(CLOCK - A, B, C, Doyr) pHL 15 65 
5 220 
Propagation Delay Time . 
10 100 
(CLOCK — CARRY OUT) 15 75 
Propagation Delay Time > m0 
(PRESET ENABLE = 2? 
- A, B, C, Doyy) 15 65 
Propagation Delay Time - a 
(PRESET ENABLE 
- CARRY OUT) DHL 
Propagation Delay Time pL 





(CARRY IN -— CARRY OUT) 














Min. Clock Pulse Width 
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TC4029BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, PaO ae Cy =50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION Festal UNIT 
| 55 130 
twy 25 70 ns 
20 50 
Z 5 
fcr, 4 10 MHz 
535 14 
‘tre 
No Limit us 
CECL 


35 70 
15 30 
10 20 







Min. Pulse Width 
(PRESET ENABLE) 













Max. Clock Frequency 


Max. Clock Input Rise Time 






















Max. Clock Input Fall Time 





Min. Set-up Time 
(CARRY IN -— CLOCK) 


Min. Set-up Time 


(B/D, U/D - CLOCK) 


Min. Set-up Time 


(A,B,C,D - PRESET ENABLE) 


Min. Hold Time 
(CARRY IN — CLOCK) 


Min. Hold Time 
(B/D, U/D - CLOCK) 





Min. Hold Time 


(A,B,C,D - PRESET ENABLE) 


10 

15 

5 

10 

15 

5 

10 | 
15 

5 

10 

15 

5 

10 

15 

5 

10 

15 
= 
10 

15 

5 

10 

15 

5 
10 

Ss 







Min. Removal Time 
trem 


(PRESET ENABLE - CLOCK) 


Input Capacitance | orn | 


BEES 
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TC4029BP/BF 





SWITCHING TIME TEST WAVEFORMS 






WAVEFORM 1 
20nSs 
CLOCK 50% 
A,B,C,DoutT 
tT LA 
oe 90% 
CARRY OUT 50% 
10% 
tpLH 
WAVEFORM 2 WAVEFORM 3 
PRESET ENABLE CARRY IN 
A,B,C,Doyq> CARRY OUT 
CARRY OUT 





WAVEFROM 5 . 
7.0nS 





WAVEFORM 4 
ates on Mieco BINARY/DEBADE, 
CARRY IN UP/DOWN 
CLOCK CLOCK 
WAVEFORM 7 


WAVEFORM 6 
A,B,C,Dry 
PRESET ENABLE 


CLOCK 





PRESET ENABLE 
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—— 164 03 OBP/BF CMOS DIGITAL INTEGRATED CIRCUIT 
= ve SILICON MONOLITHIC 





TC4030BP/TC4030BF QUAD EXCLUSIVE-OR GATE 








TC4030BP/BF contains four circuits of exclusive OR 
legates. Since the buffers of two stage inverters are 
provided for all the outputs, the input/output voltage 
|characteristic has been improved and the noise 


immunity has been also improved. And increase of 


1 


transmission time due to load capacity increase is DIP14(3D14A-P) 


lkept minimum. 


Wide variety of applications are offerred, such as 
1 
digital comparators and parity circuits. 
MFP14(F14GB-P) 





ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 


CHARACTERISTIC |SYMBOL]| = —- RATING 
DC Supply Voltage | Vpp | Vss -~0.5 wes +20 
VIN —1Vgg -0.5 wVpp +0.5 ed 

Your [¥ss-0.5 Yop +0.5_ | Vv _ 


v 
V 

Vsg 70.5 WVpp +0.5 Vi 
W 
C 
=¢ 





Input Voltage 






Output Voltage 






DC Input Current 










Power Dissipation 


Tm | #10 | 
Pp | 300(DIP)/180 (MFP) m 


ee 


260°C -10 sec 


Operating 
Temperature Range 
Storage 
Temperature Range 





Lead Temp. /Time 


CIRCUIT DIAGRAM 
(TOP VIEW) 
1/4 TC4030BP, BF 





TRUTH TABLE 


INPUT 
A 


OUTPUT 
x 
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TC4030BP/BF_ 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


CHARACTERISTIC SYMBOL 
VppD 








Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V) 


-40°C ZC 85°C 
CHARACTERISTIC |SYMBOL| TEST CONDITIONS | VDD 


High-Level Zour | <luA 
Output Voltage Vin=Vss>, Vpp 


Low-Level | Tour | <lua 


Output Voltage Vin=Vss» Vpp 


Voy=4- 6V 


Output High VoH=2-5V 


Current VoH=9- 9V 
VoH=13.5V 


VIn=Vss,s Vpp 


| Output Low 


Current 


ei Bale ae 
SO rs 
nn 
S 
< 
> = 
f) 








Voyr=0.5V, 4.5V 
Voyt=l-OV, 9.0V 


Voltage Voyt=l.3V,13.5V 


Intput High 


<q 








Voyr=0.5V, 4.5V 
Voyur=1t . OV, 9.0V 
|Vour=1-5V,13.5V 


Input Low 
Voltage 


Bw HE 
SS 





be 
© 
= 
> 


~ 
wn 
EwEry 


| 
bs 
© 





Qo ke 
oOo wv 
rc 


Quiescent Tes Vin-Yss, Vpp 
Device Current o 


* All valid input combinations. 
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TC4030BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=O0V, Cy=50pF) 


Output Transition Time i 
TLH 
(Low to High) 


Output Transition Time 
CTrHL 
(High to Low) 


tpLH 
Propagation Delay Time 





CpHL 


Cin 





Input Capacitance 


CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


CIRCUIT WAVEFORM 


OUTPUT 
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cos prorat intesrareo crcut — TE AQ32BP. TC4038BP 


HAMA 





TC4032BP TRIPLE SERIAL ADDER (POSITIVE LOGIC ADDER) 
TC4038BP TRiPLE SERIAL ADDER (NEGATIVE LOGIC ADDER) 


TC4032BP and TC4038BP are tripple serial adders 
having common CLOCK input and CARRY RESET input to 
all the adders. 

Each adder has two SERIAL DATA inputs (An and 

Bn; n=l — 3), INVERT input and SUM output. ‘When 
INVERT input is "L", both TC4032BP and TC4038BP 


perform positive addition and when it is "H", negative 
addition is performed. 

CARRY of TC4032BP is triggered by rising edge of 

CLOCK and CARRY of TC4038BP is triggered by falling 


edge of CLOCK. 
DIP16(3D16A-P) 





ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 


CHARACTERISTIC SYMBOL RATING UNIT 
DC Supply Voltage Vss-0.5 ~Vsgst20 
E 








Input Voltage Vss-0.5~Vppt0.5 
Output Voltage | VouT | Vss-0.5 ~Vppt0.5 
Tim | of ms | 

x 

ae 


DC Input Current 





Operati Temperatur 
Range 


Storage Temperature 2652750 
Range 
Lead Temp./Time 260°C . 10 sec 


LOGIC DIAGRAM 
TC4032BP 


Oo YAO oo F BW DD 





DD 
VIN 
0 
TA 
Tstg 


(TOP VIEW) 
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| 


TC4032BP,TC4038BP 





TIMING DIAGRAM 


TC4032BP . 


WORD, + WORD» WORD: + WORD, 
| : _! {L 
| | 
l 
CLOCK ) f- ) 
| 
CARRY RESET | 


0.0111100=+60 11011011=—-37 


00110010=+50 11001110=—50 
01101110=4110 1.0101001=-87 


A 


B 


INV. 


| 
| 
| 
suM | 
| 
| 
| 


TC4038BP 


WORD] + WORD: | WORD + WORD, 


CLOCK 


CARRY RESET 


INV. 
SUM 


| | 
WORD, 11000011=—-61 l WORDz 0.0100100=+36 
+WORDs 11001101=—51 | t+tWORD, O00110001=+49 
LOO1L1O000=—11R 0.1010101=+85 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
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TC4032BP, [C4038BP 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


SYM— 
CHARACTERISTIC 
Iout | <1#A 
High-Level Vou Tour | i 
Output Voltage 0 VIN=VSS> VDD 


Low-Level | lout | <14A 


Output Voltage OL Vin=Vss, Vpp 


Vou=4.- 6V 
VoH=2.5V 

Lou] VoH=9. 5V 
VoH=13.5V 
VOL=0.4V 
VOL=0. 5V 
VOL=1.5V 
VouT=0.5V, 4.5V 

Input High Vout=1.0V, 9.0V 

VORCERE VouT=1.5V,13.5V 


| |] Iout!<14A 


VoutT=0.5V, 4.5V 


Output High 
Current 


Input Low VouT=1.0V, 9.0V 
mOnGEee VouT=1. 5V,13.5V 


Input 
Current 


Quiescent Device 
Current 





* All valid input combinations. 
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TC4032BP, TC4038BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


Output Transition Time 
(Low to High) | ETLH 
Output Transition Time 
(High to Low) PTL 
Propagation Delay Time tpLH 
(CLOCK - SUM) CpHL 
Propagation Delay Time tpLH 
(A,B, INV - SUM) CpHL 


Max. Clock Frequency 


Max. Clock Input Rise 
Time 

Max. Clock Input Fall 
Time 

Min. Set-up Time 


(A,B — CLOCK) 


Input Capacitance 


WAVEFORM 1. 


A,B, 
INVERT 





170 


TC4032BP, TC4038BP 


LL SL Le Le a ea IN ET I a A PRT RS EE NS A a I NY A I a ET TIE IEE DL TON SITIES NE ONCE LE NT SONATE I AI, 


WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS (Continued) 


WAVEFORM 2 (TC4032BP) WAVEFORM 3 (TC4038BP) 
20nS 20nS 


— = 
"Ee 


10% 





20nS8 


90% 
50% 
7 


CpLH, tpHL tpLH, “pHL 
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ini 








TC4034BP 


TC4034BP 8-STAGE STATIC BIDIRECTIONAL PARALLEL/SERIAL 
INPUT/OUTPUT BUS REGISTER 


TC4034BP is bidirectional 8 bit bus register having 
eight data input/output lines A] through Ag and 
another set of eight data input/output lines Bl 
through Bg. Switching of input/output for A data 
lines and B data lines is controlled by A/B input 
terminal and selection of serial operation/parallel 
operation is controlled by P/S input terminal. 
(PARALLEL OPERATION) 

When P/S input is placed at "H'', synchronous or 
asynchronous parallel data can be input. 

(SERIAL OPERATION) 

When P/S input is placed at "L'"', serial data can be 
read synchronously. 














ABSOLUTE MAXIMUM RATINGS 


Vpp__| Vss-0.5~vsst20_ | v_| 
Input Voltage VIN 

vour_| vss-0.5~Vvpp+0.5 | V_| 
DC _Input Current 


Operating Temperature °¢ 
Range 
| Tete | eI 


560°C « 10>s6e 



















Output Voltage 









Storage Temperature 
Range 






Lead Temp./Time 


LOGIC DIAGRAM 


CLO CK © 


ASYNCHRONOUS 
/ SYNCHRONOUS 


"a" BUS TO BUT / 
"3B" BUS TO BUS 


Op fe 
tH 
pase: 
"a" DATA ae 
EN ABLE ai 


PARALLEL SERIAL By 
/ SERIAL IN 
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"S' DATA 
LINES 


SERIAL IN§ 
A/BS§ 


C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


5a CLOCK 


PAYS 


3HP/S 





Be 





TC4034BP 





TRUTH TABLE 


MODE OPERATION | 
L Xe 


Synchronous Serial data input, 
"A" Parallel data outputs disabled 


















Synchronous Serial data input, 
"B" Parallel data output 





Serial 






















"B" Synchronous Parallel data inputs, 
"A" Parallel data outputs disabled 





Parallel 




















"B"™ Asynchronous Parallel data inputs, 
"A" Parallel data outputs disabled 





Parallel 




















"A" Parallel data inputs disabled, 
"B" Parallel data outputs, 
Synchronous data recirculation 





Parallel 







"A" Parallel data inputs disabled, 
"B" Parallel data outputs, 
Asynchronous data recirculation 








Parallel 







Synchronous Serial data input, 
"A" Parallel data outputs 








Serial 


Synchronous Serial data input, 
"B" Parallel data outputs 








Serial 






"B" Synchronous Parallel data inputs, 
"A" Parallel data outputs 














Parallel 







"B" Asynchronous Parallel data inputs, 
"A" Parallel data outputs 











Parallel 


"A" Synchronous Parallel data inputs, 
"B" Parallel data outputs 








Parallel 








"A" Asynchronous Parallel data inputs, 
| "B" Parallel data outputs 










Parallel 


x Don't care 


RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL MI 
DC Supply Voltage 
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1C4034BP 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 


High-Level 
Output Voltage 


Low-Level 
Output Voltage 


Output High 
Current 


Output Low 
Current 


Input High 
Voltage 


Input Low 
Voltage 


my" Ipy 


Quiescent Device 
Current 


(Vss=0V) 


-ITEST CONDITION [V 


| lour |! <1l#A 
VIN=Vss,VppD 


| Tout! <1#A 
VIN=VSS,Vpp 


Vou=4. 6V 
VoH=2.5V 
VoH=9.5V 
VoH=13.5V 


Vin=Vss,Vpp 


VIN=VSs; VDD 


VouT=0.5V, 4.5V 
VouT=1.0V, 9.0V 
VoutT=1.5V,13.5V 


So BielD 
7.0 5.5 
15 Lh sO) G52) 
VouT=0.5V, 4.5V ace 
VouT=1.0V, 9.0V 3.0 ‘ 
VouT=1.5V,13.5V 4.0 6. 


15 
VIH=18V is 


34:9 
7.0 


14,0 


VouT=18V 
jas 


| Fel 


* All valid input combinations. 
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© 


20 


0.42 

Teouk: 

oS 

3.5 

7.0 

eked) 
5 L. 
0 : 
gk 











_TC4034BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC SYMBOL 


Output Transition Time 





TEST CONDITION MIN. 


| 
o 
J 


en 
NO 
On ~ 
i) 
~ 
ie) 
oe) 


(V 












(Low to High) 











Output Transition Time 


(High to Low) 







Propagation Delay Time 


(A(B) IN - B(A)ouT) 







_ 
© 
© 

rN 

“a Of 

Oo © 
= 
or) 


aon 
Wi oO. 


130 400 
By s) 160 
120 


a - 


17S 350 
70 140 
16) 100 

145 290 


Propagation Delay Time 


(AE - Aout) 


0) 


e li 
je) i) 
e 
Cc © 
CO. OS ) 
| 
0) p) 


Wo 
© 


5 1.4 
10 3.5 
15 Dial 







Max. Clock Frequency 





Max. 
Time 
Max. Clock Input Fall 
Time 


Clock Input Rise 






4 
jan) 






ke 
© ™~s NO 
— in ° ° e 
Oo WM NR Fr wo 
Oo 
© 
5 : 
nN n 10) 


15 





10 
15 


Min. Clcok Pulse Width 


3S 
ro 


W 


La 
Wm 





Min. Pulse Width 












(AE,P/S, A/S) CWH 10 110 
15 
Min. Set-up Time 160 
Csu 10 
(SERIAL IN -— CLOCK) 
15 
1 
Min. Set-up Time 5 30 
CSU 10 ns 





(A(B) IN — CLOCK) 


Input Capacitance 





15 
pF 


>) 
KH 
Pak 


nn 
a) 
* ee BQ 
Oo WU © 
N Ww oOo 
oOo O Oo 
LY DS 
Oo © 
=) 


~ 
* oon 
MN wm © 





PN Sd 
nl o Oo © 
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TC4034BP 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1. 


"a" DATA IN 
("B" DATA IN) 


"B" DATA OUT 
C"aA" DATA OUT) 





WAVEFORM 3. (AE="H'') 


A/B 


"a" DATA-OUT 


"A" DATA OUT 


WAVEFORM 4. 


SERIAL IN, 
A(B) IN 


CLOCK 
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WAVEFORM 2. 


2£0ns ‘ 20ns 


A 







i] 


A DATA OUT 


"a" DATA OUT 


WAVEFORM 5. 






AE,P/S,A/S 


C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4035BP 4-STAGE PARALLEL IN/PARALLEL OUT SHIFT REGISTER 





TC4035BP is 4 bit shift register having SERIAL mode 
and PARALLEL mode. 

When PARALLEL/SERIAL CONTROL input is placed at "KH", 
the parallel mode operation is designated and when it 
is placed at "L", the serial mode operation having J,Kk 
logical inputs is designated. 

The outputs are changed by rising edge of CLOCK input 
for both modes. When TRUE/COMPLEMENT Terminal is 
placed at "H', non-inverted signal is output and when 
it is placed at "L", inverted signal is output. 

When RESET input is placed at "H', the content of 
register is reset regardless of other inputs. 

In the case of SERIAL input, J and K are connected 
for the data inputs. 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 
DC Supply Voltage Vss-0.5 ~Vsgst20 


VIN Vss-0.5 ~Vppt0. 5 


Output Voltage | Vout Vss-0.5 ~Vppto0.5 
DC Input Current +10 
T ~ 3" i @ 

me a 
























Input Voltage 





















; pnt 
{Operating Temperature i shoes ae 
Range 
storage Temperature 
Range i sea bs 
{Lead Temp./Time 260°C - 10 sec 


LOGIC DIAGRAM 







PARALLEL / SERIAL Ge So 


t(@) 
K@}p 


CLOCK (6 }>o—f>—_ 


RESET (5 ) So—d> 
TRUE / COMPLEMENT (2 ) oe 
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TC40395BP 


ort Do F WB NY - 


(TOP VIEW) 


NN) 





TC4035BP 





TRUTH TABLE 


ue "a" )PUTPUTS (T/C= ai 
* Don't care 
: . . A Level change 
- No change 
.. Change 
niZz4 


TIMING DIAGRAM (T/C="H") 
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TC4035BP 





RECOMMENDED OPERATING CONDITIONS (Vss=OV) 


CHARACTERISTIC SYMBOL 


Bel supely Wolvane 
em 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


i ae fe} oO 8 °C 
. CHARACTERISTIC TEST CONDITION Fo1__~40°e | 29 C > UNIT 
(V) MIN. | TYP. | MAX. |] MIN. | MAX. 
] lout] <1l#A 
VOH lyvin=Vss,Vpp 
I = sh 
Low-Level y | out! ee 
Output Voltage OL Vin=Vss;Vpp 


Vou=4. 6V 
VoH=2. 5V 
Output High 7 
Current Tou | VoH=9. 5V 
Vou=13.5V 
VIN=VSs;VpD 

















| : de 
: 
15.0 
| VouT=0.5V, 4.5V} 5] 3.5 3.5] 2.75 
Input High Vyq{VOUTHL-OV, 9-0V] 10} 7.0 7:0) 5.5 
Vorrage Vour=1.5V,13.5V! 15} 11.0 11.0] 8.25 
VouT=0.5V, 4.5v| 5] - | 1.5 2.25] 1.5 
Input Low vqz|VOUT=1-0V, 9.0V) 10} - | 3.0 4.5| 3.0 
Vourage Vout=1.5V,13.5V} 15} - 4.0 6.75! 4.0 
| 
bee . 
ee 


VIN=VSS, VDD 



















P Ww fF 
oO CO WM 
ca ae 


Ke 
9 
Ww 
© 
ke 
= 
© 


| 
5 


Quiescent Device 


I 
= 
i) 
is 
> 






Ipp| VIN=Vss, VppD 


Current 





x All valid input combinations. 
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TC4035BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC SYMBOL| TEST CONDITION MIN. TYP. MAX. UNIT 
| Vpp (V) 
5 


80 200 

10 50 100 

15 40 80 
| ns 


Output Trnasition Time 





(Low to High) °TLH 


or : 5 
Output Transition Time 


(High to Low) °THL 


15 


5 a 190 500 
10 75 ns 
15 55 
tpLH ° 
10 
mare 


Propagation Delay Time tpLH 


(CLOCK - Q/Q) 


Propagation Delay Time 


(RESET - Q/Q) 


ct ct 
“se ao) 
an ro 
ae ae 


Max. Clock Frequency Ect, MHz 


5 2 4 
10 6 12 
15 8 16 

Max. Clock Input Rise 

Time. 
|Max. Clock Input Fall 


CrcL 
C£CL 


i 


Time 





a ae 
Gh > th 
FN 

- ON 
OG 3 


ct 
fe fag 
16) n n 





, 5 125 |. 250 
Min. Clock Pulse Width ; 10 45 90 n 
15 30 60 
2 
Min. Pulse Width ») 110 50 
(RESET) — CWH 10 45 110 
15 30 80 
22 
Min. Set-up Time o) 55 | 0 
(J,K - CLOCK) | Csu 10 20 80 we 
| 15 15 60 
| Mi r 5 40 140 
Min. Set-up Time 
| 15 0 
(PI - CLCOK) CSU 10 5 ns 
15 10 40 
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TC4035BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vsgs=0V, CyL=50pF) 






CHARACTERISTIC 













Min. Set-up Time 


(P/S. = CLOCK) 





WAVEFORM 1. 


WAVEFORM 2. 
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Ml 


TC4036BP, TC4039BP exes, neorres ormoun 


TC4036BP 4 WORDx8 BIT STATIC RAM (BINARY ADDRESSING) 
TC4039BP 4 WORDx 8 BIT STATIC RAM (DIRECT WORD-LINE ADDRESSING) 


TC4036BP/TC4039BP are static RAM of 4x8 bits and 
since eight data input/output lines are mutually 
independently provided for one word, wide variety of 
applications are expected for scratch pad memories, 
channel preset memories of digital frequency . 
Synthesizer systems, etc. 












TC4036BP Each word is binarily selected by two lines 
of address inputs Ag and A}. 





TC4039BP Each word is directly selected by mutually 
independent four lines of address inputs WORD 1 
through WORD 4. 







ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 


DC Supply Voltage 


Vss-0.5~Vsst20 
Vss-0.5~ ~Vppto. 5 


Input Voltage 





| SYMBOL | UNTT 

| vp | ce 

Vw 
Output Voltage Vss-0.5~Vppto.5 : 
Power eee po [= oe : a 
step om te]| Le 
Lead Temp./Time 260°C + 10 sec : 
BLOCK DIAGRAM (TOP VIEW) 


TC4036BP : TC4039BP 


FH 
tel 
a 
© 
x 
st 


MEMORY 


BIT OUT 


oan non fF WAN KH 


INHIBIT 


orxroau»ruarn -e 


READ 4g 
INHIBIT 


MEMORY 
BYPASS 


(TOP VIEW) 
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TC4036BP, TC4039BP 





FUNCTION TABLE 


TC4036BP 


READ | MEMORY | CHIP 
INHIBIT] BYPASS | INHIBIT OPERATIONAL MODEL 
rae2e. Each bit output has high impedance generating floating 





condition. Writing into the memory is not performed. 


Bit input data is directly output to the corresponding 
bit output. The memory retains the content of bit 
input data written in previous write mode. 








Bit input data is directly output to the corresponding 
bit output. But input data is written into the word 
memory designated by address inputs AO and A}. 


Memory data is read from the word designated by address 
inputs Ag and A . Writing into the memory is not 
performed. 






Each bit output has high impedance generating floating 
condition. Writing into the memory is not performed. 


As well as each bit input data is written into the 
word memory designated by address inputs AQ and Aj, the 
input data is read out. 


Each bit output has high impedance generating floating 
condition. Each bit input data is written into the 
word memory designated by address inputs Ag and A}. 


|} TC4039BP 
MEMORY | WORD1 
WRITE BYPASS | ~ WORD4 OPERATIONAL MODE 


Each bit output has high impedance generating floating 
all L condition. The memory retains the content of bit input data 


written in previous write mode. 








Bit input data is directly output to the corresponding bit 


output. The memory retains the content of bit input data 
pa 
gc 


written in previous write mode. 
Memory data designated by the word input is read out. Writing 
into the memory is not performed. 

| ee 








Bit input data is directly output to the corresponding bit 
output. ~Each bit input data is written into the memory 
designated by the word input. 






As well as each bit input data is written into the memory 
the input data is read out. 





designated by the word input, 


euay 
pepe 
Enz 


* Don't care 4. Only one WORD input has "H" level. ; 
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-TC4036BP, TC4039BP 





ADDRESS TRUTH TABLE 
TC4036BP TC4039BP 


_ 





CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


CHARACTERISTIC TEST CONDITION | VDD 
5]| 4.95 
10 
15 . 


5 
10 





High-Level 
Output Voltage 


Low-Level |} Iout] <1#A 


Output Voltage . 


OL VIN=Vss, VDD 


VoOH=4. 6V 
VoH=2. 5V 
Output High a 
Current | meoy 
VoH=13.5V 
Vin=Vss>Vpp 





Output Low 
Current 


VIN=Vss,Vpp 
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~ TC4036BP, TC4039BP 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC 


nm 
OK 
ee 





lInput High 
Voltage 


VI 





}Iout|<14A 


VouT=0.5V, 4.5V 5 eo 
Input Low Vout=1.0V, 9.0V] 10 oe) 
Voltage VIL 
VoutT=1.5V,13.5V] 15 4.0 
lIout! <14A 
Suh 
, tena LptH|Vry=18V 18 
nput 
Current npn 
eee Ith |VripL=0Vv 18 


my! ' 









a 
Ip. | VoutT=0V 


Ipp|VIN=-Vss, VpD 


150 
300| nA 
600 


5 









Quiescent Device 
Current 





LA 
rE 7 


* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cy=50pF) 


Output Transition Time 


(Low to High) 


Output Transition Time 


(High to Low) | 
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TC4036BP, TC4039BP 


DYNAMIC ELECTRICAL CHARACTERISTICS 


(Ta=25°C, Vss=OV, Crz, 


CHARACTERISTIC YMBOL| TEST CONDITION 
Vpp (V 


Propagation Delay Time 


(R- INH - BIT OUT) 
(TC4036BP) 


Propagation Delay Time 
CpZL 
(C- INH - BIT OUT) t 
(TC4036BP) pea 
Propagation Delay Time tpLH 
(M-B — BIT OUT) tpHL 
Propagation Delay Time tpLH 
(Add.WORD - BIT OUT) tpHL 
Min. Set-up Time 
. tsu 
(Add. WORD -— WRITE) 
Min. Hold Time 
(Add. WORD - WRITE) “H 
Min. Pulse Width 
(WRITE) “WH 
Min. Set-up Time 
(BIT IN - WRITE) “SU 


Min. Hold Time 












(BIT IN - WRITE) 





Input Capacitance ce 





5 
10 
15 


S 
5 
CpZL 
Rp =1ka 10 
tpZH : 
15 


5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 


5 
10 
15 
5 
10 
15 
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=50pF) 


I 


Z 


af A eae 


. 
a} 
oa) 


X 


C 


750 


Uo 
ea 
cn) 


300 
750 
350 


300 
750 


350 
300 
75Q 
350 
300 
200 
110 


ON 
© 


100 


Pf oN 
Oo © 


150 


U1 ON 
Oo © 


100 


> uU 
Oo © 


200 


HO wo 
oOo © 





UNIT 


n 


16) 


a) 
n 


3 
6p) 


| 
n 


| 
nN 


n 


n 


pF 


n 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 
WAVEFORM 1. 


Add. , WORD 


MEMORY BYPASS 


BIT OUT 


WAVEFORM 2. 


Add,, WORD 


wie 


10% 


WAVEFORM 3. (TC4036BP) 


CHIP INHIBIT 


READ INHIBIT 


BIT OUT 


BIT OUT 
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TC4036BP, TC4039BP 


AN 





TC4040BP BF C*MOS DIGITAL INTEGRATED CIRCUIT 
| | SILICON MONOLITHIC | 


TC4040BP/TC4040BF 12 STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDERS 


TC4040BP/BF is 12 stage ripple-carry binary counter 
with the asynchronous clear function. 

The counter advances its counting state by falling edge | 
of CLOCK input. When RESET input is placed at "H", all 
the circuits are reset making all the outputs (Q1 
through Q12) to be "L" regardless of CLOCK Input. 

This is most suitable for frequency dividers, control 
circuits and timing circuits. 














DIP16(3D16A-P) 






ABSOLUTE MAXIMUM RATINGS | 


CHARACTERISTIC 
Vgg-0.5 1 Vgg+20 Lae 
ee ae 
ee [Nout | Yos°0-5 Mp3 | 
TA 






ER 


MFP16(F16GC-P) 


PIN ASSIGNMENT 


oO) CO] HI oo 
OO)! Ff] BIA 
mtritd 
Him  ecln 
=) elec 
Y | ct ae] 
G <q id 
tri a1 oltr 

Oo] HRI 

OQ} Ile 
G mt} | <4 
KB mM }0Qq | 0 
i a Oe 00 
@ @ ct 
=) ~ 
ct 0Q 
@ 


V 
V 
V 
Power Dissipation eo. 300 (DIP) /180(MFP) 
Temperature Range ca To oe 
Temperature Range Tstg “65%150 | 


Lead Temp./Time Tsol 260°C * 10 sec | 


TRUTH TABLE 


CLCOK A 
* 


© 
"oS 
ec) 
a) 
ah) 
cr 
a 
=) 
e°) 


wn 
ct 
ie) 
a) 
a3) 
aq 
0) 













___ RESET OUTPUT STAGE 
ALL OUTPUTS="L" 
ain eee 


NO CHANGE 
? oa a ae 


ADVANCE TO NEXT STAGE 
A: LEVEL CHANGE, *: DON'T CARE = 


LOGIC DIAGRAM 










at 





CLOCK ft> 


RESET Qa) So 
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TC4040BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL 
VIN 





Input Voltage | Vin | 


STATIC ELECTRICAL CHARACTERISTICS (Vgo=0V) 


CHARACTERISTIC 


High-Level 
Output Voltage 





Low-Level 
Output Voltage 





} Output High 


Current 


Output Low 
Current 


VIN=Vss>Vpp 


VouT=0.5V A 5V 5 

Input High WAaiet 9.0vV | 10 
ae ouT=1.0V, 9.0V 

oltage VoyT=l.5V,13.5V ] 15 


Voyt=0.5V, 4.5V} 9 
pale noe Vopr=1-0V, 9.0Vv} 10 
oltage 15 


Input 








Current 


Quiescent 


Device Currenc 


* All valid input combinations. 
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TC4040BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, CL=50pF) 


















CHARACTERISTIC TEST CONDITION Vpp(v) TYP. UNITS 

Output Transition Time : 2 0 ee 
(Low to High) TLH 10 a5 100 
15 30 80 
Output Transition Time : Le mp 
(High to Low) 15 30 80 
Propagation Delay Time 2 oe a 
tpLH 10 80 160 
(CLOCK - Q1) 15 65 130 
Propagation Delay ‘ 7 i eA 

1 ae PHL ns 
(CLOCK - Ql) 15 65 130 
‘ eee ee 5 900 |1800 
ab aaa aia ad tpLH 10 450 | 900 
(CLOCK - Q12) 15 360 720 
; 5 900 | 1800 
Propagation Delay t pHL 10 450 900 
(CLOCK — Q12) 15 360 720 
: ‘a a 5 150 280 
ropagation Delay t 10 70 120 
(RESET - Q) ae 15 50: 200 

S; 320 10 
Max. Clock Frequency 10 8 20 MHz 
| 15 12 25 

> 50 140 
Min. Clock Pulse Width ro =o ae 
15 15 40 
‘ ‘ 5 100 200 

Min. Pulse Width ty 10 40 80 ne 
(RESET) 15 36 60 
Min. Removal Time - 4 
(RESET — CLOCK) Crem 7 1100 

Max. Clock Input Rise Time trcL 3 
: 10 No Limit us 
Max. Clock Input Fall Time tec. 15 





E 
~N 
Nn 

be 
| 


Input Capacitance Cin 
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WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 WAVEFORM 2 
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In 


| 


1640428 P/BF C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC | 





TC4042BP/TC4042BF QUAD CLOCKED "D" LATCH 





TC4042BP/BF contains four circuits of "D" type 
latches having common CLOCK input and POLARITY input. 





When POLARITY input is placed at "H' level, D input 
appears as it is at Q output during CLOCK input stays 
high and D input at the time of falling edge of CLOCK 
input is retained at Q output. As long as CLOCK input 
|stays low, Q output is not changed even when D input 
varies. 







When POLARITY input is placed "L'", D input appears as 
it is at Q output during CLOCK input stays at "L" 
level and the latch operation is seen as long as 
|CLOCK input is "H". 








MFP16(F16GC-P) 









ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC | SYMBOL RATING | 


DC Supply Voltage | Vpp | Vsg -0.5 VWVgg +20 
Input Voltage Vin | Vsg —0.5 VVpp +0.5 


Output Voltage Vout Vsg —0.5 vVpp +0.5 
DC Input Current lin 
Power Dissipation | 


DD 
VIN 
PD 
Operating n 
stg 
2 








| PIN ASSIGNMENT 





















300 (DIP) /180 (MFP) 








CLOCK & 






V 
|\Temperature Range 
Tete 






|Storage 
|Temperature Range 


l\Lead Temp. /Time 


BLOCK DIAGRAM 


-65 v150 POLARITY § 





260°C -10 sec 








(TOP VIEW) 





D1 | 
wae | @ | — TRUTH TABLE. 


POLARITY 


INPUTS | OUTPUTS 
' chock POLARITY | Qn> | 


Da 





A: Level Change 
*.in~a 
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TC4042BP/BF 





LOGIC DIAGRAM 





RECOMMENDED OPERATING CONDITIONS (Vss=OV) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 





C 


Zour |<1ua 
Vin=Vss» Vpp 


Low-Level V | lout | <luA 
Output Voltage - 
ies : Vin=Yss> Yop 


High-Level 
Output Voltage 


Output High 
10 
15 


Current 


Vin=Yss> Vpp 


5 
Output Low 10 
Current 15 
VouT=0.5V, 4.5V] 5 |3.5 
Input High VouT=l.0V, 9.0V} 10 |7.0 
Voltage Vour=l.5V,13.5V}15 11.0 
| 
VouT=0-5V, 4.5V] 5 
Input Low VouT=L. OV, 9.0V| 10 
Voltage VoUT=1.5V,13.5V He 


OH 
OL 
oy 
Tou, 
Vig 
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1C4042BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Continued) 


CHARACTERISTIC | SYMBOL DD 
7 a 
Input 


Current 


Quiescent 
Device Current VIN=Vss> Vpp 


* All valid input combinations. 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgo=O0V, Cy =50pF) 


CHARACTERISTICS SYMBOL Pee 

Output Transisition Time 

CTLH 
(Low to High) 
Out put Transition Time 
(High to Low) “THL 
Propagation Delay Time tpLH 
(CLOCK - Q, Q) tpHL 


Propagation Delay Time 


(DATA - Q, Q) 


Min. Clock Pulse Width 


Min. Hold Time 
DATA — CLOCK) 


Min. Set-up Time 
(DATA - CLOCK). 


Input Capacitance 
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WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 (POLARITY="L") 


TpHL 


WAVEFORM 2 (CLOCK=POLARITY="H") 
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wn 





{Output Voltage Vout | Vgs-0.5 ~Vppt0.5 


TC4043BP C’*MOS DIGITAL INTEGRATED CIRCUIT 
Tu SILICON MONOLITHIC 


TC4043BP QUAD 3-STATE R/S LATCH (Quad NOR R/S Latch) 
TC4043BP is the latches composed by four independent 
R/S flip-flop circuits. TC4043BP fabricated with NOR 











gates is suitable for data processing of four bits 





configuration. Four output lines can have high 






impedance regardless of the contents of latches by 






means of common ENABLE input to make connection to 






the bus lines easy. 






DIP16 (3DI16A-P) 


ABSOLUTE MAXIMUM RATINGS 





CHARACTERISTIC SYMBOL RATING UNIT 
DC Supply Voltage Vss-0.5 ~Vggt20 
Input Voltage Vss-0.5 ~Vppt0.5 
TIN | 
TA 





PIN ASSIGNMENT 















oO 
=) 
SS 
Cc 
ct 


= 
re 
O 
& 
my 
BK 
@ 
=) 
ct 


m 
mM 
° 


Power Dissipation — Pp | 


Storage Temperature 
Lead Temp./Time 260°C + 10 sec 


V 
V 
V 
A 
W 
C 
6 


(TOP VIEW) 








Don't Care 


High Impedance 
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TC4043BP 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage 


High-Level 
Output Voltage 


Low-Level 
Output Voltage 


Output High 
Current 


Output Low 
Current 


Input High 
Voltage 


Input Low 


V 


llour|<1#A 
VIN=Vss, VDD 





lTout l<1wA 
OL! vin=Vss,Vpp 


VoH=4.6V 
VOH=2.5V 


VouT=0.5V, 4.5V 


VpD 
(V) 


VouT=1-.O0V, 9.0V! 


Vout=1-5V,13.5V 


VouT=0.5V, 4.5V 
VouT=1.0V, 9.0V 


MIN. 


MAX. 
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TC4043BP 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


oe (eo) 
CHARACTERISTIC ee TEST CONDITION Vop|__~40°e | 
a C1) [a [a 
mot 5 
I = 
Level DH| Vou=18v 


fey St 
Level TpL| VoL=OV 


Quiescent Device 
Current 


* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cp=50pF) 


Output Transition Time 
(Low to High) a 
Output Transition Time 
CTHL 
(High to Low) 
Propagation Delay Time tpLH 
(SET, RESET - Q) tpHL 


3-State tpHZ 
Propagation Delay Time 
pag oy tpZH 
(ENABLE — Q) 


3-State 
Propagation Delay Time 


(ENABLE - Q) 


Min. Pulse Width 
(SET, RESET) 


Input Capacitance 
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~ 7¢4043BP 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1. 


WAVEFORM 2. 


ENABLE 
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MI 


1640448 P/BF C’MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC a 





TC4044BP/TC4044BF QUAD 3-STATE R/S LATCH (Quad NAND R/S Latch) 


TC4044BP/BF the latches composed by four independ- 














ent R/S flip-flop circuits. TC4044BP/BF fabricated wit 


NAND gates is suitable for data processing of four bits | 
configuration. Four output lines can have high imped- 
ance regardless of the contents of latches by means of 
}common ENABLE input to make connection to the bus lines 


easy. 





ABSOLUTE MAXIMUM RATINGS 


| CHARACTERISTIC SYMBOL | RATING — UNIT 
DC “Supply Voltage ae Vss -0O. 5 VVge +20 
Input Vol Voltage VIN Vsg -0.5 VVpp +0.5 


Vout | Vss —O. ae 5 


Pe bce 
a 300(DIP) /180 (MFP) | mW | 


mW 


260°C -10 sec | 





















}Output Voltage 
1DC Input Current 





|Power Dissipation 
Operating Temperature 





Storage Temperature 
Range 









|Lead Temp. /Time 





LOGIC DIAGRAM 


ENABLE 


* 1 Don’t Care 
| HZ: High Impedance 
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1C4044BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vgs=0V) 


STATIC ELECTRICAL CHARACTERISTICS (Vgc¢=0V) 































High-Level 7 ILour | <lua 4.95 -95| 5.00 
Output Voltage | OO |. a 10] 9.95 .95 |10.00 
IN eee 15 [14.95 14.95 115.00 
Low-Level y [Loy | <luA 5 05 0.05 
Output Voltage oe VINGVsg, Vpp 10 0.05 0.05 
0.05 
Output High 
Tou 
Current 
mA 
Output Low 
Current TOL 
Voyt=0.5V, 4.5V 
Input High One 500. OLGN 
Vin VouT= > . 


Voltage VouT=1.5V,13.5V 










Input Low Vout=l. OV, 9.0V 


Vout=1.5V,13.5V 


5 


Voltage 


i a? ha 
Input Level 


Viyq=L8V 
Current npn 
. Level 


VIL= OV 


< 
ri 
oe 
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1C4044BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vss=O0V) 


TEST 
CHARACTERISTIC SYMBOL CONDITION 
"qt rievell tpn “Vou=18V 


a ig = VoL=OV 


Quiescent Vin=Vss, Vpp 
Device Current 1x 





* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cyz=50pF) 


Output Transition Time 

i t 
(Low to High) TLH 
Output Transition Time 
(High to Low) © CTHL 
Propagation Delay Time 
(SET, RESET - Q) . 


3-State . 

Propagation Delay Time RL=Lk2 

(ENABLE — Q) in 

3-State 

Propagation Delay Time RLELK2 

(ENABLE - Q) | ss 70 

Min. Pulse Width 160 

(SET, RESET) Bp 
' 40 


Input Capacitance 
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TC4044BP/BF 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFROM 1. 





WAVEFORM 2. 


ENABLE 
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in 


10404 7BP 


C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 





TC4047BP LOW-POWER MONOSTABLE/ASTABLE MULTIVIBRATOR 


TC4047BP is the multivibrator equipped with both 
astable function and mono-stable function, and 
retrigger operation and reset operation are also. 
achievable. | 

For both operational modes, the pulse width can be 
varied by externally connected capacitor (C) and 
resistor’ ().% 


Establish RETRIG="L". +TRIG="L", -TRIG="H'" for astable 
operation and AST="L", AST="H" for mono-stable 
operation. (Refer to FUNCTION TABLE and OPERATING 
CONSIDERATIONS). 

When EXTERNAL RESET input is set at "H", both 
operational modes of astable and mono-stable 
operations are reset to Q="L" and Q="H". 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 








{Operating Temperature 
Range 


Storage Temperature 
| Range 
Lead Temp. /Time 260°C + 10 sec 


LOGIC DIAGRAM 





ASTABLE 


ASTABLE 
+ TRIGGER (8) 
~ TRIGGER 
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DIP 14(SDi4aA—P) 





PIN ASSTGNMENT 


C 
R 

R-C COMMON 
ASTABLE 
ASTABLE 


-TRIGGER 


Vss 


(TOP VIEW) 





R-C COMMON 


Vpp 
Osc OUT 


RETRIGGER 


EXT. RES ET 


+TRIGGER 





* The priority is given to 
reset when both set and 
reset are active. 





TC4047BP 





FUNCTION TABLE 


OUTPUT PERIOD 


RETRIC.| EXT. RESET|OR PULSE WIDTH 


FUNCTION 


ASTABLE MULTIVIBRATOR Q, Q 


Free Running 


Inhibit 
| MONOSTABLE MULTIVIBRATOR 


Positive-Edge Trigger 


Negative-Edge Trigger 


Retrigger 


Note : External registor and capacitance as LOGIC DIAGRAM 
* Don't care 





OPERATING CONSIDERATION 

1. Astable Operation 
By connecting inputs of -~TRIGGER, +TRIGGER, RETRIGGER AND EXTERNAL RESET as shown in 
FUNCTION TABLE, stable operation of astable multivibrator can be obtained. 
. When ASTABLE input is placed at "H'", oscillation is continued regardless of ASTABLE 


input. When ASTABLE input is placed at "L", oscillation is continued regardless of 
ASTABLE input. (Free Running). 
Having ASTABLE input at "H"', if ASTABLE input is set at "L", oscillation stops as 


long as it is at "L". (True Gating) 
Having ASTABLE input at "L". if ASTABLE input is set at "H", oscillation stops as 
long as it is at "H". (Complement Gating) 


The oscillating period is determined by the external resistor and capacitor to be 
approximately T=2.2RC. This oscillation waveform is obtained as it is at OSC OUT 
and the oscillation waveform with double period and 50% duty cycle is obtained at 


outputs Q and Q. 


}2. Mono-Stable Operation 

| By connecting ASTABILE and ASTABLE inputs to "L" level and "H" leyel respectively, 
mono-stable multivibrator with the capabilities of retrigger operation and external 
asynchronous reset operation is obtained. This is normally used with RETRIGGER 


i 


i Note 


nput and EXTERNAL RESET input connected to "L" level. 

When -TRIGGER input is set to "L", mono-stable pulse is obtained at the rising edge 
of +TRIGGER input at Q and Q outputs. (Positive-edge Trigger) 

When +TRIGGER input is set to "H", mono-stable pulse is obtained at the falling 

edge of -TRIGGER input at Q and Q outputs. (Negative-edge Trigger) 

Keeping-TRIGGER input at "L", if the same pulse input(T<2.48RC) is applied to 

both +TRIGGER input and RETRIGGER input, retrigger operation is achieved. | 
However, the last transition of this pulse input must be negative going. (Retrigger)| 
The width of mono-stable pulse is determined by the external resistor and capacitor | 
to be approximately ty=2.48RC. : 


a er rere en reer tee ten rant eee et r-rel sterner ensue msaretnratntfinatttrenensistujueetitineseencroananaasareanit 





The external resistor and capacitor should be connected as shown by broken lines 
in the logical diagram for both mono-stable and astable operations. 
The capacitor used should be non-directional. : 
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TC4047BP 





TIMING DIAGRAM 


(ASTABLE MODE) 


ASTABLE | 
Vpp+Vpp 
ASTABLE 
VtHt+Vpp 


R-C COMMON SASS SS AS 2 





OSC OUT 


Q, 


Vv Vpp —V 
TH 3. RO Pa DD — VrH 


t) 2SRO en oe 
Vppt+ Vrq 2Vpp—VTH 


Vru (Vpp-VrH) 


tae ( ta te) = = RE Pn ee 
(Vppt Voy) (2Vpp- VrH) 


TYPICAL : Vepp=1/2Vpp ta=440RC 


(MONO STABLE MODE) 
| RETRIGGER 


+TRIGGER 


—TRIGGER 


R-C COMMON 


OSC OUT 








V : Vypp— V 
t 1 =—RC én ie to =—Re én ——22 Th 
Vppt Vr “Vpp—VTH 
V 
tg = RC fn to , tytte<ty <2 (ty+tg) 
“VDD 


Ven (Vpp—VrH) 


tr = tztte =—RC én : 
pe — 8Vpp (2Vpp-Vrx) 


X 


TYPICAL : Veg = 1/RVpp ty = 248 RC 


Note : Voy : Threshold Level 
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RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


CHARACTERISTIC SYMBOL 
Cy 


Vin=VssS,VppD 
| Ioyt|] <1lz#A 

V 
OL} Vin=Vss,Vpp 


VoH=4. 6V 
Vop=2.5V 
IoH| Vop=9. 5V 
Vop=13.5V 


VIN=Vss,VppD 











4.95| 5.00 4.95 

9.95;10.00 | = 

14.95{15.00 14.95 Vy 
0.00; 0.05 0.05 










Output Low 
Current 





ViIn=Vss,VpD 


VouT=0.5V, 4.5V 








VouT=1.0V, 9.0V 


Voltage Vout=1.-5V,13. 5V 
] lout }<14A 






VoutT=0.5V,°- 4.5V 
VoutT=1.0V, 9.0V 
VoutT=1.5V,13.5V 


| lout ]<1wuA | 


Input Low 


Voltage 





207 


TC4047BP 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


CHARACTERISTIC 


wt 
Viru= 


Current npn 
Vie= 
Level AT SET OY 


Quiescent Device 
Current 





* All valid input combinations. 


DYNAMIC ELECTRICAL coe (Ta=25°C, ie ee ae OV, CL=50pF) 





Output Transition Time 


(Low to High) 


Output Transition Time 


(High to Low) 


Propagation Delay Time 


(ASTABLE, ASTABLE 
- OSC OUT) 


Propagation Delay Time 


(ASTABLE, ASTABLE 
= ‘QO. Q) 


Propagation Delay Time 


(+TRIGGER, -TRIGGER 
- Q, Q) 


Propagation Delay Time 


(RETRIGGER - Q, Q) 
| Propagation Delay Time) 


(EXTERNAL RESET 
- Q, Q) 
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TC4047BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°c, Vss=0v, CL=50pF) 


CHARACTERISTIC : ‘ MAX, 


Min. Pulse Width 








(+TRIGGER, -TRIGGER) 


Min. Pulse Width 
(EXT. RESET) 





Min. Pulse Width 
(RETRIGGER) 


Max. Clock Input Rise 
Time 
Max. Clock Input Fall 
Time 
Deviation from 507% 
Duty Facter tw (CH) -ty (L) 
— ty CL 
(Q, @ oes 


x 100 (4) 
Input Capacitance 
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TC4047BP 


cee careers ammmaamaaa a acamanaaaaaamamaamasaasammmmaasasaamammmmmmammaacasaamammmaaaa 


WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





WAVEFORM 1. 


ASTABLE 


ASTABLE 


OSC OUT 


WAVEFORM 2. WAVEFORM 3. 


RETRIGGER 
+TRIGGER (+TRIGGER) 


—TRIGGER 
EXT, RESET 
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AAA 


Ses orate °°" TCAO49BP/ BF, TC4050BP/ BF 





TC4049BP/TC4049BF HEX BUFFER/CONVERTER (Inverting Type) 
TC4050BP/TC4050BF HEX BUFFER/CONVERTER (Non-Inverting Type) 


TC4049BP/BF, TC4050BP/BF contain six circuits of 
buffers. TC4049BP/BF is inverter type and TC4050BP/BF 
is non-inverter type. 
iSince one TTL or DTL can be directly driven having 
large output current, these are useful for interfacing 
from CMOS to TTL or DTL. As voltage up to Vss +18 
volts can be applied to the input regardless of VDD» _ 


these can be also used as the level converter IC's 
which converts CMOS logical circuits of 15 volts or 10 
volts system to CMOS/TTL logical circuits of 5 volts 
system. 

Ideal switching characteristic has been obtained by the 
circuit diagram of three stage inverters for TC4049BP/ 
BF and two stage inverters for TC4050BP/BF. 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNITS 
DC Supply Voltage Vgg-0.5vVggt20 | Vv | 
Input Voltage Vss-0.5 v Vgsgt+20 Pe 
Output Voltage Vout | .Vgg-0.5 vVppt0.5 

TA 
Tstg 
iE 













Storage 
Temperature Range 


V 
V 
a 
Power Dissipation 300 (DIP) /180 (MFP) 


Operating 
Temperature Range -40 85 


-65% 150 . 
260°C + 10 sec 





Lead Temp./Time 


CIRCUIT DIAGRAM 
1/6 TC4049BP/BF 


Vpp 
INPUT OUTPUT 
Vss 


V 
1/6 TC4050BP/BF ye 
INPUT OUTPUT 
Vgg 
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(TOP VIEW) 





TC4049BP/BF, TC4050BP/BF 





RECOMMENDED OPERATING CONDITIONS ooh 


CHARACTERISTIC SYMBOL MIN. UNITS 


STATIC ELECTRICAL CHARACTERISTICS <a 


2 ae aia 


High-Level \Tour |< lua 
Output Voltage Vin=Vss, Vpp 






Low-Level | lout |<1uA 


Output Voltage - 
: Vin=Yss> Vpp 


Output High 
Current 


Vin=Vss» YVpp 


Output Low 
Current 


Vin=Vss, Vpp 


VouT=0-.5V,4.5V 
Input High VouT=1.0V,9.0V 
Voltage VoutT=1.5V,135V 


Voyut=0.5V,4.5V 
Input Low Vout=1. OV, 9. OV 
Voltage 


Input 
Corrent 


Quiescent 


Device Current 





* All valid input combinations. 
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TC4049BP/ BF, TC4050BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cy=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION Vpp(V) 
5 = 


Output Transition Time 












60 160 . 










(Low to High) 











Output Transition Time 
(High to Low) 










CTH 





Propagation Delay 





Time (Low to High) 






Propagation Delay 
Time (High to Low) 


TC4049BP/BF 








Propagation Delay 
Time (Low to High) 








Propagation Delay 
Time (High to Low) 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


TC4050BP/BF 













WAVEFORM 20n8 20ns 


3 90% sak | 


10% 10% 
tTHL tT LH 


/ 90% | 
10% 


OUTPUT 
(TC4049BP/BF) 


tcHL 
OUTPUT \ 
( TC4050BP/BF) 
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TC4051BP/BF, 1C4052BP/BF, 
1C4053BP/ BF 





TC4051BP/TC4051BF SINGLE 8-CHANNEL MULTIPLEXER/DEMULTIPLEXER 
TC4052BP/TC4052BF DIFFERENTIAL 4-CHANNEL MULTIPLEXER/DEMULTIPLEXER 
TC4053BP/TC4053BF TRIPLE 2-CHANNEL MULTIPLEXER/DEMULTIPLEXER 


TC4051BP/BF, TC4052BP/BF and TC4053BP/BF are 
multiplexers with capabilities of selection and mix- 
ture of analog signal and digital signal. TC4051BP/ 
BF has 8 channels configuration. TC4052BP/BF has 4 
channel X*2 configuration and TC4053BP/BF has 2 chan- 
nel x3 configuration. 

The digital signal to the control terminal turns "ON" 
the corresponding switch of each channel, with large 
amplitude (Vpp-VrE) can be switched by the control 
signal with small logical amplitude (Vpp-Vss). 

For example, in the case of Vpp=5V, Vsgo=OV and VpRr= 
-5V, signals between -5V and +5V can be switched form 
the logical circuit with single power supply of 5 
volts. As the ON-resistance of each switch is low, 
these can be connected to the circuits with low input 
impedance. 














DIP16(3D16A-P) 








1 






MFP16(F16GC-P) 







. | PIN ASSIGNMENT (TOP VIEW) 
ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 
DC Supply Voltage | Vpp-Yeg| -0.5~20 | Vv _ 
Control Input Voltage | Votn  [Vss-0.5v Vppt0.5} v | 
Switch 1/0 Voltage 
Control Input Current ae 
gee Jo ae Os “0.50.5 
|Power Dissipation | 


Power Dissipation | Pp 

Operating Temperature 

Storage Temperature ere -65 V150 OC 
Range 8 


Lead Temp./Time 260°C +10 sec 


"ON" CHANNEL 


TC4052BP | TC4053BP 
} 









<j 
b=} 






< 






<j 






<J 






TC4051BP/BF 


> 






° 











TC4052BP/BF 


a) 
= 
O 
7 
mH 
= 
oO 
Hi 
x 

st 

qo 


1X,1Y,0Z 
[= e OR, OY 12. 
C= | OY, 12.) 
fe ee. POR AY IZ: | 
oe eas pe Z| 
NOTE 


* DON'T CARE A EXCEPT TC4052 


TC4053BP/BF 





2214 





LOGIC DIAGRAM 


TC4051BP/BF (6) y.. 


1 
t 


A OUT . s 
aw pe oP G9 0 
IN 


a (5) 2 

Q) 3 

i—@ 4 
OUT. - 0.-- iN (5)S 
|. 
CG IN-— (4) Y 


(3) COMMON 






: 






CONVERT i 
ale 
Ht tH 

G 
e 


tio PF, 
OQ 
VV 
2) 
[ 
OQ 
2 





eg cal a 
ai 
1 GE 
/ 
e 
Y VY 
O 
[ 
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LOGIC LEVEL 
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TC4O52BP/BF (€)Vpp | G3) X-COMMON 
SSS ee ot Oe 
Tf amen 
ice oe 


Do -d> - [| [Hour t-4-@ ox 
| Ute ” eS @) or 
bo—d> Ct -@ 1 

Ee (@) 2¥ 
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= 
a 
& 
> 
Zi 
‘a 
'S) 
a 
&] 
S 
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TC4053BP/BFE Die eae 
= fe 
Sipalreaws Die 


>o a> r) a> 5 
| Ge al 


ae" amr! 
ur <¢ INF7-(2) OY 
Ve > d> | TRUTH TABLE 
OUT IN 1 
mee scum ©) . CONTROL| Impedance Between 
OUT ¢ IN > OZ C IN. = OUT =& 





BQO)—-o+ 


c@)-+>o 


>10° 9 


es. | 
a Ce DAs 
G9 ae * See Electrical Characteristics 


7 ~ COMMON 
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L 
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TC4051BP/BF, 1C4052BP/BF,1C4053BP/ BF 





RECOMMENDED OPERATING CONDITIONS 


CHARACTERISTIC | sympon 


| Van-V 
DC Supply Voltage ee 
Vpp-VEE 

Control Input Voltage VIN 
Input/Output Voltage | Vyyx/Vout 


STATIC ELECTRICAL CHARACTERISTICS 


| TEST CONDITIONS 
CHARACTERISTIC |SYMBOL Vss 


Control Input 


Vis-Ypp 
thru 1kQ 


re 
nr} Om © 


10 
15 


bo 
00 0 


Vin=Vegs 


wl. 


On 


ViH=18V 


Capacitance. 


TC4051B 
— TC4052B 
TC4053B 


[Feedt hrough 
Capacitance 


TC4051B 
TC4052B 
TC4053B 





| = = 
° = 


af. 
¢ 


* All valid input combinations. 
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TC4051BP/BF, TC4052BP/BF, TC4053BP/BF 





ALTO ELECTRICAL CHARACTERISTICS (Ta=25°C, Cy=50pF) 


CHARACTERISTIC SYMBOL|TEST CONDITION MIN. UNITS 
(V) | CV) (V) 
5 45 
20 


E 
V 

CpLH 0 15 
0 10 8 
O 15 6 


0 5 170 
0 10 90 
0 15 70 
= J 
oat bree) ee ee 
5 







' Propagation Delay Time 
(Switch IN-OUT) 










Propagation Delay 






Che Be 6 = OUD) 



















0 
Propagation Delay 0 10 oe 
0 15 
(INH - OUT) 25 5 
-7.5| 7.5 
0 5 
| Propagation Delay 
(INH - OUT) 
-3dB Cutoff Frequency 
TC4051B 20 Miz 
TC4052B 30 
TC4053B 40 
Total Harmonic Q.15 
0503 ho 
Distortion 
0.02 
-50dB Feedthrough 
P= as | = | 
Crosstalk RyNFLkKe 200 
( ) RoyT= Loki? O 0) 10 400 mV 
CONTROL - OUT 
Cy =15pF 600 | 





V 
*] Sine wave of +2.5Vp-p shall be used for Vy, and the frequency of 20 log 1 74 27 3dB 
is 
shall be fmax. 


Vnn—V 
*2 Vig s!all be sine wave of “(i ) pp. 


V 
*3 Sine save of +2.5Vp-p shall be used for Vy, and the frequency of 20 log 10,--=~50dB 
is 
shal be feed-through. 


V 

*4 Sine yave of +2.5Vp-p shall be used for Vig and the frequency of 20 log 10--==-50dB 
is 

sha be Crosstalk. 


217 


A 


TC4054BP/BF 


C’MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC © 





TC4054BP/TC4054BF LIQUID-CRYSTAL DISPLAY DRIVER 


TC4054BP/BF contains four circuits of Liquid crystal 
(field effect type) drivers. 

When pulse is applied to DF input, the output with 
180° out of phase from DF pulse is obtained at OUT if 
input IN is "H". If input IN is "L", OUT and DF 
pulse become in-phase. 

By applying DF input pulse to the common terminal 

| (back plane) of liquid crystal, the liquid crystal 
element can be directly driven by the input signal 
with "H" level. This is suitable for illuminating 
the segments of decimal point and positive or 
negative sign. If Vrr<Vss, the level conversion 
operation which lowers only "L" side of logical 
signal can be achieved. 


ABSOLUTE MAXIMUM RATINGS 


crm? Vss-0.5~Vppt0d.5 


Tste 













DC Supply Voltage 









Input Voltage 






Output Voltage 






mA 


Cv | 






storage Temperature 
Range 


Lead Temp./Time 


LEVEL SHIFTERS 
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(4-SEGMENT DISPLAY DRIVER) 


MFP1I6(F16GC-P) 


PIN ASSIGNMENT 


STROBE 4 Vpp 


DISPLAY 


FREQ+ IN INg 


OUT, STROBE 
INg 
STROBE} 
INo 


STROBE, 


oOo r~ Dm GO FPF WwW NY F 


IN} 


(TOP VIEW) 


at 


: Depends upon the INPUT 
mode previously applied 
when STROBE "H". 


*: Don't care 


RECOMMENDE OPERATING CONDITIONS (Vgg=0V) 


TC4054BP/BF 








STATIC ELECTRICAL CHARACTERISTICS 


Output Voltage 


Low-Level 
Output Voltage 


Output High 
Current 


Output Low 
Current 


llouT|] <1u#A 
Vin=Vss;Vpp 


| Ilour] <1#A 
VIN=Vss, VDD 


VoL=0.4V 
VoL=0.5V 
VoL=1.5V 


VouT=0.5V, 4.5V 
VouT=1.0V, 9.0V 
VouT=1.5V,13.5V 


Vout=0.5V, 4.5V 
VouT=1.0V, 9.0V 
VoutT=1.5V,13.5V 


(Vog=O0V) 
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TC4054BP/ BF 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


es SYM-— 
CHARACTERISTIC fo 





(Quiescent Device 
Current 


*x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cy=50pF) 


CHARACTERISTIC SYMBOL 


| 200 
| Soe an ee “TLH | 100 
Output Transition Time ns 
a CTHL 0 
i 0 
: — 0 


Propagation Delay Time tpLH 
(NI .- OUT) tpHL 


Propagation Delay Time tpLH 
(DF IN - OUT) tpHL 


Propagation Delay Time tpLH 
(STROBE - OUT) tpHL 


|Min. Clcok Pulse Width 
(STROBE) 


Min. Set-up Time 


(IN - STROBE) 


Input Capacitance 
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WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFROM 1. (ST="'H'') WAVEFORM 2. 


STROBE 


WAVEFORM 3. 


STROBE 
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- TC4054BP/BF 





nn 


TC4055BP, TC4056BP/BF 


t 


TC4055BP LIQUID-CRYSTAL DISPLAY DRIVER 


C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 





(BCD TO 7-Segment Decoder/Driver with "Display-Frequency" Output) 


TC4056BP/TC4056BF LIQUID-CRYSTAL DISPLAY DRIVER 


(BCD TO 7-Segment Decoder/Driver with Strobed-Latch Function) 




















TC4055BP, TC4056BP/BF are LC drivers which drive the 
field effect type liquid crystal with seven segments 
by BCD input. 

If DF input="L", a selected output among segment 
outputs of a through g becomes "H" level and if DF 
input="H", a selected output becomes "L" level. 
Seven segment liquid crystal element can be directly 
driven by applying the pulse in-phase with DF input 
to the common terminal (back plane) of liquid crystal. 
TC4055BP is equipped with DF output for the common 
terminal and TC4056BP/BF is equipped with the latch. 
If Ver<Vss, the level conversion operation which 
lowers only "L" side of logical signal can be 
achieved. 


MAXIMUM RATINGS 


CHARACTERISTIC | SYMBOL RATING | 
|DC Supply Voltage Vpp-Vss 20.520 


Wpp-VEr|  -0.5~20 


Output Voltage VOUT VEE-O.5 ~Vppt0.5 zs 
DC Input Current +10 
a EA 








I 
Pp__| 300(p7P)/180 (MFP) 
Operating Temperaturg f 
Range 
Storage Temperature n 
Range stg 


Lead Temp./Time 


BLOCK DIAGRAM 


TC4055BP 


-65~150 





260°C - 10sec 


BCD INPUTS 
7~SEGMENT 


D OUTPUTS 


DF IN 


DO 
S EGMEN 
DECODER 


~) 
a 
Fy 
& 
fe, 
tH 
an 
6p) 


DISPLAY 
DRIVERS 


tJ 
ca 
> 
Fy 
4 


oRHOoAod® 


| BC 
7 





TC4056BP/BF 


A 


BcD inputs | ® | 
C 7~SEGMENT 
OUTPUTS 


CD=TO= 
7 SEGMENT 
DISPLAY 
DRIVER 


DECODER 
RrHOoRXAAASD 


IP 
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1 


DIP 16 (3D16A-P) 


1 
MFP 16 (F16Gc-P) 


PIN ASSIGNMENT 


TC4055BP 
DISPLAY 
FREQ. OUT 

C 
B 
D 
A 


DISPLAY 
FREQ. IN 


TC4056BP/BF 


STROBE 


DISPLAY 
FREQ.IN 


Vgg 


(TOP VIEW) 


TC4055BP, TC4056BP/BF 


TRUTH TABLE: 








_| UNIT 
: 
























faa 
[x mW wm WF 
a rr oO Oo Oo 
<q O < . ° 
rl = oO CO Oo 
A, O 
WY ° 
_ a un) TO NM WF 
AO ee) a Ne HD DD 
Ss |at nN ~st 
rr 
. mum WT 
Timi A); A AI Al HA! DM] Ay HA] Bey Ay A A yA ee a oOo CO Oo 
= oO Oo Oo 
“[a}=|=/=|2[2]4]=/4] 2/2] 2/2[2/=|= 
-~| oO oOo Oo Oo 
O};a|o OO Oo 2 
oN ° PH e e ° 
at 


«95 
9.95} 10.00 


14.95) 15.00 


~jef=f}}ef=|a}el=f})efe]=f=|= f= |=! 
fy 

jel =}2)2]=|=| 2) =]2]=/2]2]=/=/=] 
«[a}=|4)4[=[4]4[-}4[4]=[=]2[2[=[ =| 
olf =|=[=|=|=[-]=]=]2]=/=]=]=] 3] 


i 






7-SEGMENT OUTPUTS 
IN 





-40°C 


CHARACTERISTIC a TEST CONDITION | Vpp 
(Vv) MAX.| MIN. 





OV) 


4,95 
9595 
14.95 








VEE 

5 

0 
15 





OV) 
5 
10 
15 
1 















Sp) ul 
eH 
a) 
Quy os | 
Fi = Tm) 4) wm) Ayes] Al wm Ay we] A] os es] ey ese aA 
5 — <{ a < a 
= =i x 
i 4 b> 4 > 
HZ fom dy r= me = a =o mi r= gr = es =n eee ys Vos 
Zz ee Sp) Sa) 
a oO —- nN — W 
= jaa He PS HE 
Oa! vt] DT] mM) A; wi wi we wy ws we wes HA] eI A eal aA = DP il —> il 
we Pal Oo 24 Oo 24 
” ”n S- S 4 o 
| —- P,P — 












RECOMMENDED OPERATING CONDITIONS (Vss 
STATIC ELECTRICAL CHARACTERISTICS (Vss 


© ce) 

onl OD 

EH is) 
<a re an ees Os ee ee ee ee ee ee ep) ) oD) <0) 
ip) be ro oD) oD of 
eH [ad fe) of ae) 4°] 
=. eal > can) a) 4 
au Ain; DB) we] Al] Al] DB] DB 4A Al es] wey Ye fy HA] ey] 2 EH v ode rH 
Za O a Lom vo Oo 
tH <q ‘o) > > > 

(aa Qu > 0) 

Q Ola; HA! 4A] Al @) wy) wey wy Al} vAy Al HY] Bt oy ey ee = ion a W 
© = a 1 oc 3 
joa O icp) 2 & ak 
oy 6) W re 
aie Ayala} As] Al Hl wy DG] we] we] wes os] ee oO c i) 3 
Q KH jee®) Oo 
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TC4055BP, TC4056BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vss=VER=0V) 


| Sy 
CHARACTERISTIC TEST CONDITION |Vpp 
jeumoransne |i MIN. 


VoH=4.6V [ 
: VoH=2.5V 
Output High : 
Current Io |VoH=9.5V 
VoH=13.5V 
VIN=Vss,Vpp | 


5 
0 
5 
5 
5 | 


uy 

a 

5 0.261: 0.51 bes 

Output Low 10 t.5 Led Jeo 

Current TOL 

1 4.0 3.4| 15.0 
VoutT=0.5V, 4.5V 325 S201 cLat2 

|Input High VouT=1.0V, 9.0V/ 10 ; 7.0 0 es 

MOneaGe VouT=1.5V,13.5V|15 11.0] 8.25 

| froin | 


VouT=0.5V, 4.5V| 5 
Input Low VoutT=1.0V, 9.0V/ 10 
WOmeees Voup=1.5V,13<5V1 15 


|}Iout|] <1#A 


Current =OV 


Quiescent Device 
Current 





*x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF) 





CHARACTERISTIC ~ | sympot| EST CONDITION 
| Vpp(V)| VEE) 


| 5 
CTLH 5 

Output Transition Time 
| | 'THL 10 
15 
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TC4055BP, TC4056BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=O0V, Cy=50pF) 


TEST CONDITION 
CHARACTERISTIC SYMBOL MIN. 
Vpp(V)| Ver (v) 

5 0 
CpLH S) -5 
CpHL 10 0 

15 0 
tpLH 
CpHL 
CpLH 
CpHL 
tpLH 
CpHL 
a 

















Propagation Delay Time 
(BCD IN - 
7-SEGMENT OUT) 











Propagation Delay Time 
(DF IN - 
7-SEGMENT OUT) 













Propagation Delay Time 











(DF IN - DF OUT) 


io 
n oO 










Propagation Delay Time 
(STROBE - 
7-SEGMENT OUT) 






Min. Pulse Width 
(STROBE) 










roe 
Gr Or “Ga a 
| 
SO Or ar S| 6 










Min. Set-up Time 







mou 
| 
Wm © 


tsu 
(BCD IN - STROBE) 
Input Capacitance CIN 


* TC4O55BP, ** TC4O56BP/BF 
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TC4055BP, TC4056BP/BF 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 
WAVEFORM 1 WAVEFORM 2 (TC4056BP/BF) 
20ns 


STROBE 


7—S EGMENT 
OUT 


7—S EGMENT 7—S EGMENT 
OUT . OUT 


WAVEFORM 3 (TC4055BP) | WAVEFORM 4 (TC4056BP/BF ) 


STROBE 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4063BP/BF 





TC4063BP/TC4063BF 4-BIT MAGKITUDE COMPARATOR 


TC4063BP/BF is weighted comparator which compares 
magnitude of 4 bits input data BQ through B3. When 


TC4063BP/BF is used, the signals of larger, smaller 
and equal can be obtained at three output lines by 

the cascade input mode of three lines of (A>B)IN, 

(A=B) IN and (A<B)IN. 


Cascade connection of n number of TC4063BP/BF's 


easily realizes magnitude comparator of 4 xn bits. DIP 16(SbD16A~-P) 


ABSOLUTE MAXIMUM RATING 


1 {qs 
CHARACTERISTIC SYMBOL 
VpD 





DC Supply Voltage 














Input Voltage VIN 








Output Voltage 








DC Input Current 





Power Dissipation 
Operating Terperature 
Range 


Storage Temperature 
Range 


¥ 


, 


© ED B® GO G 
in v 


oN 
> 
/\ 
oo 
ad 
tH 
van 
W 
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1 
MFP 16 (F16GC—P) 





PIN ASSTENMENT 


Bs 
(A<B)tw 
(A=B)ty 
CAB aH 
( A>B our 
CA=B)our 
(A<B)our 


Vgs 





CA<B )oyr 


( A>B ) ouT 





 TC4063BP/BF 


TRUTH TABLE 

















INPUTS 





COMPARING 


CASCADING 


OUTPUTS 
A=B A=B 


> 
/\ 
ws) 
> 
V 
ee 


A >B 


> 
Go 
eo 
-|- 


A3=B3 | A2=B2} Al>B1 K 
A3=B3 | A2=B2 | A1=B1 | Ag>BO 

; 

. 

x 

x 

x“ 


& 


K 


A3=B3 } A2=B2 | Al B1 | Ao=Bo | 
A3=B3 | A2=B2 A1=B1 | Ag=Bo. 


RECOMMENDED OPERATING CONDITIONS (Vgs=0V) 


SYMBOL 
1DC Supply Voltage 
Input Voltage 


a 
ees a 








* Don't care 


> 
ee) 

bs 
es) 





CHARACTERISTIC 


High-Level | lout] <1eA 


Output Voltage VIN=Vss,VpD 


Low-Level lIoutl < 14A 
Output Voltage ™ | VIN=Vss,VpD 


VoH=4.6V 
VoH=2.5V 
VoH=9.5V 
VOH=13.5V 


VIN=VSS,VpD 


Output High 
Current 
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TC4063BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 
-40°C 


CHARACTERISTIC VDD 
Ey eae ead pra 


Output Low 
|Current 


Vin=Vss,Vpp 
Vout=0.5V, 4.5V 


Input High VoutT=l.0V, 9.0V 
VouT=1.5V,13.5V 


Voltage 


Current 


VouT=0.5V, 4.5V 
Input Low __ IVouTr=l. OV, 9.0V 
Voltage VIL 

VouT=1.5V,13.5V 

Ilout| <1#A 

ae 
Input Level PLOY 
I 


IL{VIL=OV 


‘Quiescent Device 


i = 
Cuerene DD VIN Vss>VDD 











*x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC SYMBOL] TEST CONDITION 
Vpp (V) 
5 


op 
jm 


}Output Transition Time 











(Low to High) 






15 






}Output Transition Time 


(High to Low) 










{Propagation Delay Time 


(COMPARING INPUTS 
- OUTPUTS) 


CpoLH 
CpHL 
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TC4063BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS eaiecie Vss=0V, Cy=50pF) 


Propagation Delay Time 


(CASCADING INPUTS 
—- OUTPUTS) 





COMPARING INPUTS, 
CASCADING INPUTS 


OUTPUT 


“OUTPUT 





(A<B)oyrt 
Bs Bg 
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hl 


C’MOS DIGITAL INTEGRATED CIRCUIT TC4066BP BF 
SILICON MONOLITHIC 


TC4066BP/TC4066BF QUAD BILATERAL SWITCH 





TC4066BP/BF contains four independent circuits of 
bidirectional switches. When control input CONT is 
set to "H" level, the impedance between input and 
output of the switch becomes low and when it is set to 
"L" level, the impedance becomes high. This can be 
applied for switching of analog signals and digital 
signals. 


- ON-resistance, RON 


2502 (TYP.) 
1102 (TYP.) Vpp-Vss=LoVv 
702 (TYP.) Vpp-Vss=15V 
a 
* OFF-resistance, RoFF 


MFP14(F14GB-P) 
Rorr (TYP.) > 1092 





ABSOLUTE MAXIMUM RATINGS 


Control Input Voltage | Vc IN| Vgs-0.5Vppto.5 | Vv | 
Switch 1/0 Voltage | V1/o | Vss-0-5~Vppt0.5 | V_ 
Power Dissipation | Pp | 300(@D1P)/180(MFP) | mw 


Potential difference Wr-¥ eye ; 
across I/O during ON I~"0 se 


Operating Temperature 

Range 

Pie Temperature “65 also 
ange 


Lead Temp./Time Tso1 260°C + 10 sec 


LOGIC DIAGRAM TRUTH TABLE 


CONTROL Impedance Between 
; IN/OUT-OUT/IN xX 


* See Static Hlectrical 








PIN ASSIGNMENT 






< 


INfour. [1 
OUT/IN1 [2] 
OUT/IN2 3 | 


IN/OUT2 ail Lt Me IN/ouT4a 


CONT 2 OUT/ING 


CONTS Ne OUL/INS 


Vsg | 


(TOP VIEW) 


<j 















(1/4 TC4066BP/BPF) 


1/0 





Characteristics 


1 
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TC4066BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 


CHARACTERISTIC | SYMBOL 


DC Supply Voltage 
Input/Output Voltage Vpp/Vout 





STATIC ELECTRICAL CHARACTERISTICS (In case not specifically appointed, Vss=0V) 


CHARACTERISTIC |SYMBOL 


Control Input 
High Voltage 





| lis|=10pA 


< 
H 
=m 


Control Input 


Low Voltage ee ie 


On-State 
Resistance 


0S Vis<Vpp 
Rp =LOk2 


AOn-State 
Resistance 
Between oe) 


2 Switches 


Input/Output 
Leakage Current 


Vin=l8V,Voyr=0V 
Vin=OV,VoyTt=18V 


Pe) < 
O e 


Quiescent 


Vin=Vpp; Vss 


Device Current 
Input 


Current finn 
L I 
Eover | 


* All valid input combinations. 
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TC4066BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC SYMBOL) TEST CONDITIONS jVsc(V) |Vpp(V) 


Propagation Delay Time 
(IN - CUT) 





MIN. ; TYP. | MAX. 


om, 
Za 
KH 
td 
YO 



















15 40 








Propagation Delay Time 


(CONTROL - OUT) 


ns 





Propagation Delay Time 


(CONTROL - OUT) 








oa) 






Max. Control Input 







jt 

© 

NO 
i 


Repetition Rate 


-_ 

en) 

No 
I 


















On 


—3dB Cutoff Frequency 






CL =1L5pF (* 


= 


1) 
Ry =LOkQ (*2) 

Distortion f=lkHz 
~50dB Feed through RL=LKR (3) 
Frequency 7 
(*4 


) 


a nA SOS O-Or Sroo. Oo oS oO 
ee bo be 
WO MnO Mm] Uo om 
Lo FREI INS BW FINN UW 
ro) Sesotho a 


fe 
( tH = 
Us 
x 
: 


-5 
5 


peje 
















Crosstalk 






(CONTROL - OUT) Cy =15pF 





200 
400 mV 
600 














V 
*]1 Sine wave of +2.5Vp-p shall be used for Vig and the frequency of 20 Logiog—=-3dB 
is 
shall be fax. 
*2 Vig shall be sine wave of +2.5Vp-p. 
| Vout 
*3 Sine wave of +2.5Vp-p shall be used for Vig and the frequency of 20 logloy, =—50dB 
is 
shall be feed-through. 
Vout 
*4 Sine wave of +2.5Vp-p shall be used for Vz, and the frequency of 20 pega eee 


shall be crosstalk. 
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TC4066BP/BF 





CIRCUIT FOR MEASUREMENT OF ELECTRICAL CHARACTERISTICS 


1. tots tpn. 2. tpzu> tpzH» tpiz> tpuz 









L7O« 07 I CONTROL-O/I1 


WAVEFORM 


CONTROL 


(Vin - V ) 
Hopeie x (kQ) 


VouT 


WAVEFORM 


tr=ROnsS tp=R2Ons 
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CIRCUIT FOR MEASUREMENT OF ELECTRICAL CHARACTERISTICS 


CROSSTALK BETWEEN ANY TWO SWITCHES 


SWITCH ON 


Vpp 
\/ 


oVout CONTOROL IN 


CL =15pF 


ds 
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TC4066BP/BF 





inn 


TCG4068B P/BF C’MOS DIGITAL INTEGRATED CIRCUIT 
: | SILICON MONOLITHIC 


TC4068BP/TC4068BF 8-INPUT NAND/AND GATE 


The TC4068BP/BF is 8-input positive logic NAND/AND 
gate. | | 
Since each output of this gate is provided with a 
buffer, the input/output voltage characteristics have 
been improved, allowing noise immunity to be elevated; 
thus, the variation of propagation delay time due to 
the increase in load capacity is kept down to the 
minimum. 











MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 
Vgg-0.5 ~Vggt20 
V 


DD 
Input Voltage ec0 5 Vopeons PIN ASSIGNMENT 
LIN 





Output Voltage VOUT | 








-65~ 150 





260°C - 10sec 





(TOP VIEW) 


SYMBOL 


Input Voltage 
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TC4068BP/BF 





STATIC ELECTRICAL CHARACTERISTICS a ee 


CHARACTERISTIC 


High-Level our ht 


Output Voltage VIN=Vss, VDD 


Low-Level |} lout] <1l#A 


Output Voltage | ~ | ViIn=Vss,Vpp 


VoH=4.6V 
Vop=2.5V 
VoH=9.5V 
VoH=13.5V 


Output High 
Current 


Vin=Vss, VppD 


Output Low 
Current 





Leo 
3.4 


VouT=0.5V, 4.5V 
Input High VouT=1.0V, 9.0V 
Vert aee Napa ksoV su a 


0.05 
0.05 


oe eto 
7.0 5.5 
LOl- 8.25 

5 
0 4.5 


oe 
4.0 
I . 107 | 10-8 
Input 


| VouT=0.5V, 4.5V 
Input Low VouT=1.0V, 9.0V 
Webtses Vour=1.5V,13.5V 


Current 


== 


0. New 0.25 
0.001 
0.002 


Quiescent Device 
Current 





* All valid input combinations. 


237 


TC4068BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF) 


CHARACTERISTIC 


Output Transition Time 
CTLH 
(Low to High) 


Output Transition Time 
CTHL 
(High to Low) 


CpLH 
CpHL 


Input Capacitance 


CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


Propagation Delay Time 








CIRCUIT WAVEFORM 


OUTPUT 


dd 


O OUTPUT J 
GENERATOR INPUT 


Cy,=50 pF 


OUTPUT K 
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C*MOS DIGITAL INTEGRATED CIRCUIT | TC4069UBP/ UBF 
SILICON MONOLITHIC 


HATA 





TC4069UBP/TC4069UBF HEX INVERTER 


TC4SO69UBP/UBF contains six circuits of inverters. 


The pin allocation is same as TC/7404UB and since the 


operating current consumption is smaller, this is 
suitable for the applications of CR oscillator 


circuits, crystal oscillator circuits and linear 


1 


amplifiers in addition to its application as DIP14(3D14A-P) 


inverters. 


Because of one stage gate configuration, the 
1 


MFP14(F14GB-P) 





ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 
DC Supply Voltage /Vpp Vss-0.5 vVggt20 
[oc tapue current [tw | __i0_ | wa 
S00(DTF) ABO 


VDD 

IIn 
Operating ; 

T 7 
Temperature Range 4085 










Storage _E5% 
Temperature Range aed 
Lead Temp./Time 260°C + 10 sec | 





CIRCUIT DIAGRAM 


(TOP VIEW) 


1/6 TC4069UBP/UBF 





OUTPUT 
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_TC4069UBP/ UBF 





RECOMMENDED OPERATING CONDITIONS (Yss=ov) 


~ CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage VIN 


High-Level 
[Out put Voltage 















lIour | <1 yA 
Vin=Yss 


Low-Level 
{Output Voltage 


Vou 
cw 

Output High ee 

O 
Current 
}Output Low 

To. 
(Current a 
Input High 

V 
Voltage IH 
Input Low 

V 
|\Voltage IL 


myyt 


Current Migr 
Level 
* All valid input combinations. 










Voy=4 . 6V 
Vop=2 -5V 
Vop=9-5V 
Vopr i3.5V 

















Vout=1 -OV 
VouT=1.5V 





Vout=4 .5V 
Vout=? -OV 
Vout=13.5V 





Quiescent Vin=Vsg» Vpp 
Device Current 


ale 
“a 
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TC4069UBP/UBF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°c, Vss=ov, CL=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION Vpp(v) ven. | 

0 t T iti Ti : 
utpu ransition Time 

: CTLH ae 

(Low to High) 15 

5 | 
10 
15 





MIN. 









Output Transition Time 



















rut 
(High to Low) 
P gation Delay Ti 2 
ropagation Dela ime 
y CDLH 10 
(Low to High) 15 
Propagation Dela ‘Time 
hi y tpHL 
(High to Low) 
Input Capacitance Cin 





OUTPUT 
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1C4071BP/ BF, 1C4072BP/BF, CMOS DIGITAL INTEGRATED CIRCUIT 
| 1C4075BP/BF styatrerndepenin | . 


Reaiit 
d 


DIP14(3D14A-P) 


1 


MFP14(F14GB-P) 


HI 





| 
| 


TC4071BP/TC4071BF QUAD 2 INPUT OR GATE 
TC4072BP/TC4072BF DUAL 4 INPUT OR GATE 
TC4075BP/TC4075BF TRIPLE 3 INPUT OR GATE 


TC4071BP/BF, TC4075BP/BF and TC4072BP/BF are 


positive logic OR gates with two inputs, three 


inputs and four inputs respectively. As all the 


outputs of gates are equipped with the buffer cir- 





cuits of inverters, the input/output propagation 


characteristic has been improved and the varia- 





tion of propagation time caused by increase of 


load capacity is kept minimum. 





ABSOLUTE MAXIMUM RATINGS 


ae 

Input Voltage Vgg—0.5 4 Vppt0.5 
|Output Voltage Vsgg—0.5 u Vppto.5 Vv 
DC Input Current =E0 

300 (DIP) /180 (MFP 


Operating 

Temperature Range ~40 v85 

storage + . 

Temperature Range stg -65 %150 
Tsol 


PIN ASSIGNMENT (TOP VIEW) 


TC4071 BP/BF 


VppD A4 B4 X4 X3 BS AB 


Lead Temp./Time 2 





LOGIC DIAGRAM 


14/4. TC4071 BP/BF 


X=A+B+C+D X1 Al Bl Ci Dl NC Vgg 
TC4075BP/BF 


Vpp A3 BS C3 X3 X2 G2 


LIEIEILICN 


Az BZ Al Bl Cl Xl Vgg 
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TC4071BP/ BF, 10407 2BP/ BF, TC4075BP/ BF 





- RECOMMENDED OPERATING CONDITIONS (Vgs=0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 


EE 





FY 

KK 

| 
ke 


Taper Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


CHARACTERISTIC |SYMBOL | TEST CONDITION | VDD 
(V) 


High-Level 
Vin-Yss> Yop 













4.95! 5.00 4.95 
9.95}|10.00 9395 
14.95]15.00 14.95 V 


aa 


















Output Voltage 

















Low-Level |Lout |<1ua ee cone ae 
Output Voltage Vin=Vsg 0.001 0.05 0.05 
Vop=4.6V 0.51! -1.0 

















Vou=2.5V -4.0 
Output High VoH=9-5V —2.2 
Current Voy=13 . 5V 










Vin-Yss» Vpp 


Output Low 
Current 






VouT=9. OV 
VouT=13.5V 












Input High 





aa 
be 
© 
Oo 
NO 
Sa 


Voltage 


Input Low 





Voltage 


Current 








0.001/0.25 Lad 
0.001} 0.5 15 
0.002} 1.0 





Quiescent 


Device Current 


al 
@ 


* All valid input combinations. 
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1C4071BP/BF, 1C4072BP/BF, TC4075BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vsg=OV, CL=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION 


Output Transition Time t 
(TC4072BP/BF) TLH 
ca 


(TC4075BP/BF) 
jem 




























Output Transition 
(TC4072BP/BF) 
(TC4075BP/BF) 


Output Transition Time 
(TC4071BP/BF) 


10 
Output Transition Time 


(TC4071BP/BF) 


Propagation Delay Time 
(TC4071BP/BF) 


be 
On 


CpLH 


— 
n 


CoH 
COLE 
COHL 
CIN 


Propagation Delay 
(TC4071BP/BF) 


Propagation Delay 
(TC4072BP/BF) 


fb fH fk 
OuUuNow 


4 
ea 


pa pe fe 
nNouln 


ea 


Propagation Delay Time 
(TC4072BP/BF) 


be 
in © 


Propagation Delay Time 
(TC4075BP/BF) 


Propagation Delay Time 
(TC4075BP/BF) 


Input Capacitance | crn 





fat 
wm 


bE ie 
Cul ON 


ia SOpF OUTPUT 
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TC4073BP/BF, TC4081BP/BF, 


sere i CIRCUIT TC4082BP 


HAA 





TC4073BP/TC4073BF TRIPLE 3 INPUT AND GATE 
TC4081BP/TC4081BF QUAD 2 INPUT AND GATE 
TC4082P DUAL 4 INPUT AND GATE 

TC4081BP/BF, TC4073BP/BF and TC4082BP are posi- 


tive logic AND gates with two inputs, three inputs 


| and four inputs respectively. 


Since all the outputs of these gates are equipped 


1 


with the buffer circuits of inverters, the input/ 


output propagation characteristic has been improved DI P14 (SDi4A—P) 


and variation of propagation time caused by increase vr 


of load capacity is kept minimum. 7 


MF P14 (F14GB-P) 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL 
| DC Supply Voltage 
Input Voltage 
Output Voltage VouT 
Ss 
Ss 






RATING 


Veg-0.5 VVe5t20 
Veo-0.5 VVppt0.5 
Vos-0.5 VVppto.5 


PIN ASSIGNMENT (TOP VIEW) 








TC40 73BP/BF 
Vpp 43 BS C3 XS 


fa] BS] fa] Br | 



















DC Input Current 










V 
V 
I 
Power Dissipation 300(DIP) /180(MFP) 
Operating 
sl ea! 
Temperature Range 4085 
Storage - 
Temperature Range “stg =65' 1-50 
Laed Temp./Time Tso1 260°C +10 sec 


LOGIC DIAGRAM 


LAS TOA07 SB P7 BY 





A 
B 


C 


1/4 TC4081BP/BF 


TC4082BP 
Vpp X2 AR B2 Cz 


A 
5 


1/2 TC4082BP 


A 
B 


C 
D 
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TC4073BP/BF, TC4081BP/BF, TC4082BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


STATIC ELECTRICAL CHARACTERISTICS (Vss=O0V) 


V 
CHARACTERISTIC | SYMBOL] TEST CONDITION a 


High-Level | Zour |<1ua 










Output Voltage Vin=Vpp 


| Low-Level | Ioyz | <1ua 


Output Voltage VineVss> Vpp 


Output High 


Current 


Output Low 


Current 


Input High 
Voltage 


Input Low 


Current 


Quiescent 


Device Current 


ale 
“a 





* All valid input combinations. 


246 


TC4073BP/BF, TC4081BP/BF, TC4082BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, VSS=0V, CL=50pF 


) 
CHARACTERISTIC SYMBOL TEST CONDITIONS Vpp(V) | MIN. 
80 
































Output Transition Time 5 
(TC4073BP/BF) CrLH 10 50 
(TC4082BP/BF) 15 40 
Output Transition Time 5 80 
(TC4073BP/BF) Cay, 10 50 
(TC4082BP/BF) 15 40 
Output Transition ‘ - 
TLH 
(TC4081BP/BF) 15 
Output Transition 5 
CTHL 10 
(TC4081BP/BF) 15 
Propagation Delay 5 
COLH 10 
(TC4073BP/BF) 5 
Propagatior Delay s) 
CpHL 10 
(TC4073BP/BF) i5 
Propagation Delay 5 
(TC4081BP/BF) 15 
: 5 
Propagation Delay tpHL 10 
(TC4081BP/BF) 15 
Propagation Delay 2 
(TC4082BP) 15 
Propagation Dela 5 
me 7 COAL 10 
(TC4082BP) 15 


CIRCUIT WAVEFORM 


INPUT 
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——— 1640 /6BP C*MOS DIGITAL INTEGRATED CIRCUIT 
— | SILICON MONOLITHIC | 





TC4076BP 4-BIT D-TYPE REGISTER 


ITC4076BP is the register which consists of four D type 
flip-flops having 3-stage outputs, and these four 
flip-flops are controlled by common CLOCK input and 
RESET input. | 

When both of INPUT DISABLE inputs G] and G2 are at 
"EU" data inputs D] through D4 are stored in F/F's at 
the rising edge of CLOCK input, and with other 


combination of Gl] and G2, the previous conditions of 
F/F's are retained even if the rising edge of CLOCK 
occurs, When both of OUTPUT DISABLE inputs M and N 
lare at "L", the outputs of flip-flops appear at QI] 
Ithrough Q4 outputs, and with any other combinations 

of M and N, the outputs have high impedance. RESET is 
active with "H" level. 


DIP 16(3D16A~P} 





















MAXIMUM RATINGS PIN ASSIGNMENT 
| CHARACTERISTIC SYMBOL RATING 
be Supply Voltage | ourput|; N&@1 Vpp 
|Input Voltage VIN Pv DEERE Ne 2 PRESET 
}Output Voltage VOUT V Qi§s DATA, 
DC input Current mA A204 Bf DATAQ 
Power Dissipation 300 23 95 Pere’ 
4 7 | Qa4he6 DATA, 

ange i G2} DaTA IN 
Storage Temperature J is q, | DISABLE 
Range 





VIEW 
Lead Temp./Time (TOP VIEW) 





260°C -» 10 Ge 


LOGIC DIAGRAM TRUTH TABLE 
M 





N 
CLOCK (7) >o 
RESET 8 po 
Gy (9) : 
a GL 
DATA] 


DATA2 (13) 


DATAg (2) 


: NEXT STATE of Q, 


DATA4g ay) 


: HIGH IMPEDANCE 


> Don't care 





248 


RECOMMENDED OPERATING CONDITIONS (vss=0V) 


| CHARACTERISTIC SYMBOL 
DC Supply Voltage © 
Input Voltage 


High-Level 
Output Voltage 


Low-Level 
Output Voltage 


Output High 
Current 


Output Low 
Current 


Input High 
Voltage 


Input Low 


Input 
Current 


}louT | <1l#A 
Vin=Vss,Vpp 


lIout |! <14A 
Vin=Vss,VppD 


Vou=4.6V 
VOH=2.5V 
VoH=9. 5V 
VOH=13.5V 
VIN=Vss, VDD 


VIN=Vss,Vpp 


VouT=0.5V, 4.5V 
VouT=1.0V, 9.0V 
VoutT=1.5V,13.5V 
VouT=0.5V, 4.5V 
VouT=1.0V, 9.0V 
VouT=1.5V,13.5V 


-40°C 


CC 


0.05 
0.05 
0.05 
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4.95 
9295 
14.95 


5.00 
10.00 
15.00 
0.00 
0.00 
0.00 





TC4076BP 





TC4076BP 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC Se TEST CONDITION 


BOL 


Quiescent Device 
Current 





x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC 


Output Transition Time 
(Low to High) 


Output Transition Time 
(High to Low) 


Propagation Delay Time 
(CLOCK - Q) 


Propagation Delay Time 
(RESET - Q) 


Three State Disable 
Time 
(OUTPUT DISABLE —- Q) 


Three State Disable 
Time . 
(OUTPUT DISABLE - Q) 


Max. Clock Frequency 
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TC4076BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


Min. Clock Pulse Width 


Min. Pulse Width 
(RESET) 


Max. Clock Input Rise 
Time. 
Max. Clock Input Fall 
Time. 


Min. Set-up Time 
(DATA - CLOCK) 


Min. Set-up Time 


(DATA INPUT DISABLE 
- CLOCK) 


Min. Hold Time 
(DATA — CLOCK) 


Input Capacitance 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





“SJ 
° Wi OD 
Nn Oo © 


WAVEFORM 1 


CLOCK 
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TC4076BP 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 2 © WAVEFORM 3 


OUTPUT 
DISABLE 


WAVEFORM 4 


20ns 20ns 
Tavan Vas 
ye 50% * 50% 


10% 10% 


DATA INPUT 
DISABLE 
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C2MOS DIGITAL INTEGRATED CIRCUIT 1640/7 TBP BF = 
SILICON MONOLITHIC —— 


TC4077BP/TC4077BF QUAD EXCLUSIVE-NOR CATE 













The TC4077BP/BF is quad exclusive-NOR gate. 
Since all the outputs are provided with the buffers 
of two stage inverters, the input/output voltage 
characteristics have been improved. Thus an increase 
in propagation delay time caused by an increas in 
load capacity is kept to a minimum. 

Therefore, this gate can be widely applied to digital 


. s ° 1 
CcOMparators, Ppakilcy CLreuwLes,. “ete. 


DIP14(3D14A-—P) 


—— 
J 


CHARACTERISTIC SYMBOL RATING UNIT MFP] 4 (Fi <GB-P) 


eon 
MAXIiiUM RATINGS 















DC Supply Voltage Vss-0.5 ~Vsst20 


Vss-0.5 ~Vppt0.5 








VpD 
VIN 


VOUT 





Input Voltage 


V 
a4 PIN ASSIGNMENT 














Output Voltage Vss-0.5 ~Vppt0.5 





DC Input Current 


Power Dissipation 














Operating Temperature 
Range 








Storage Temperature 


Ranve ~65 ~150 










Lead Temp./Time 260°C - 10sec 





LOGIC DIAGRAM 


RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL Re eel MIN: 


DC Supply Voltage Vpp 
Input Voltage VIN 
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10407 7BP/BF 


High-Level lIout|<1#A 


Output Voltage | Vin=Vss;Vpp 


Low-Level 
Output Voltage 








Vop=4. 6V 


Voy=2.5V 
Output High 
Current 


Output Low 
Current 


Input High 
Voltage 


Input Low 
Voltage 


Input 
Current 


Quiescent Device 
| Current 





* All valid input combinations. 


Ce 


10407 7BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, Cy=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION Ven) MIN. YES: UNIT 
DD 


5 80 200 
tTLH 10 50 100 
15 LG go. : 
ns _ 
5 80 200 
THI 10 50 100 | 
15 40 80 













Output Transition Time 


(Low to High) 











Output Transition Time 


(High to Low) 






Ct 
CpLH 
CpHL 






Propagation Delay Time 60 130 ns 


Input Capacitance 


CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 








CIN 


CIRCUIT WAVEFORM 


PULSE 
GENERATOR 








! VpD INPUT 


INPUT | 
O 
SOs ae A 
OUTPUT 


—. ee i 
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i 


1640 /8BP Be C2MOS DIGITAL INTEGRATED CIRCUIT 
vw | SILICON MONOLITHIC 





‘|The TC4078BP/BF is 8-bit positive logic NOR/OR gate. 





TC4078BP/TC4078BF 8-INPUT NOR/OR CATE 









Since each output of this gate is provided with a 
buffer, the input/output voltage characteristics have 
been improved, allowing noise immunity to be 


elevated; thus, the variation of propagation delay 


1 


time due to the increase in load capacity is kept to 





DIP14 (3D1 4A—P’) 
the minimum. 
en 


MAXTMUR RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT : 


MFP1 4 (F14GB-P ) 




















DC Supply Voltage VDD bVSS=0 59 Veagr20 . -° vo 
Input Voltage VIN Vss-0.5~Vppt0.5 V | 
2 ees, ' C¢ , 

Output Voltage VourT_ Vss-0.5~Vppt0.5 be PIN ASSIGNMENT 
DC Input Current LIN +10 Pe 
Power Dissipation Pp 300(DIP)/180(MFP) ni] 
Operating Temper ee, 
a ng Temperature TA 2h AEBS °C 
Lange 
Storage Temperature ° 

r -65~150 G 
Range 
Lead Temp./Time 260°C +» 10sce 


LOGIC DIAGRAI 





(TOP VIEW) 





YVVV 


® 
VVY 


CHARACTERISTIC SYMBOL 
DC Supply Voltage VDD 
Input Voltage VIN | 


256 


TC4078BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


CHARACTERISTIC 


High-Level llour]< 14#A 
Output Voltage VIN=VSS;VppD 


P 
4.95] 5.00 
9.95110.00 
14.95]15.00 
Low-Level llourT!] <1#A ae 
Output Voltage Vin=VsSS,VppD a 


Output High 
Current 


Output Low 
Current 


VouT=0.5V, 4.5V 


Input High Vout=Ll.0V, 9.0V 
Voltage 


VoutT=0-5V, 4.5V}] 5 
Input Low Vout=1.0V, 9.0V; 10 
MORES VouT=1.5V,13.5V] 15 
Input Level 


Current i Be 





Level 


Quiescent Device 
Current 





* All valid input combinations. 
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TC4078BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, CL=50pF) 


Output Transition Time 
CTLH 
(Low to High) 
Output Transition Time 
t 
(High to Low) oe 
CpLH 
Propagation Delay Time 
COHL 


Input Capacitance 


CIRCUIT WAVEFORM 


PULSE 


GENERATOR OUTEUT J 


OUTPUT K 
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C*MOS DIGITAL INTEGRATED CIRCUIT TG4085BP 
SILICON MONOLITHIC 


I) 


| 





TC4085BP DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE 


TC4085BP contains two circuits of AND-OR select 


gates and the outputs are inverted. The circuit 


consists of two 2 input AND gates and one NOR gate, 


and the logical equation of the output is as follows. 


If INH input is set at "H", the select operation 
is inhibited having OUT="L", so that this input can 
be used as an expander terminal for connecting 


TC4081B, etc. 


DIP14 (3D14A—P) 









ABSOLUTE MAXIMUM RATINGS | PIN ASSIGNMENT 


<a 
ee 
<- 





DC Supply Voltage Vss-0.5 V Vsst20 


ou 
Input Voltage Vss-0.5 VVppt+0.5 
Lin 


Output Voltage Vout | Vgg-0.5 VVppt0.5 





UNIT 
Vv 
V 
V 


DC Input Current 









Power Dissipation 


Operating T 
Temperature Range A 
Storage T _ 
Temperature Range stg -65 % 150 


Lead Temp./Time 260°C +10 sec 


INHIBIT? 





INHIBIT 









LOGIC DIAGRAM 


(TOP VIEW) 





OUT=A+-B+C>-D+I1NH 
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TC4085BP 





RECOMMENDED OPERATING CONDITIONS (Vsg=0V) 


cuanacrenrstro —[swgou [| in, [| aoe, [a 


STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V) 


| | Vpp 25°C 
CHARACTERISTIC | SYMBOL] TEST CONDITIONS | 
cunseraasnc |snaa, M 


I 
4. 






























oe) 
oa) 

o 
O 


UNIT 


E 


































oe 5) 4.95 5.00 95 
jitenbeved V 10] 9.95 10.00 9.95 
Output Voltage OF = 
Pp & Vin=Vss»> Vpp 15115.95 15.00 14.95 
5 0.05 0.00}0.05 0.05 
Low-Level Vor, | (our! <lua 10 0.05 0.00]0.05 0.05 
Output Voltage Vin=Vsg, Vpp 15 . ; 0.05 
Vou=4 - 6V 5 
Vop=2.5V 5 
Output High . Von=9.5V 10 
OH 
Current VoH=13.5V 15 





Vin=Vss» Vpp 


0.42 


1.1 





Output Low 





NO 
ee) 





pons 
p 
E mA 
Current 
Vin=Vss; VpD 
VoutT=0.5V, 4.5V] 5 
Voyt=l.0V, 9.0V} 10 
Vout=1.5V,13.5V| 15 
iZour|<luA 

VouT=0.5V, 4.5V 
VoutT=1.0V, 9.0V 


VouT=1.5V,13.5V 


5 
10 
15 












Input High 










No WwW 
© 
oO fF We 
. ee e e © 
te Oo oO Wl WN 
he 
rN Ww 
s« e¢ 6 
Oo oOo Ww 
a 
1S) 
mae 








Quiescent 


Device Current 





he CC © 
Oo MW N 
(Sa! 


* All valid input combinations. 
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TC4085BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°c, Yss=ov, CL=50pr) 


Output Transition Time 
(Low to High) 


Output Transition Time 


(High to Low) 


Propagation Delay Time 
(A, B, C, D - OUT) 


Propagation Delay Time 


Chis Be Co Deut) 


Propagation Delay Time 


(INH - OUT) 


Propagation Delay Time 


(INH - OUT) 


Input Capacitance 


OUTPUT 
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a 


TC4086BP C?MOS DIGITAL INTEGRATED CIRCUIT 
: , SILICON MONOLITHIC 





TC4086BP EXPANDABLE 4-WIDE 2-INPUT AND-OR-INVERT GATE 


TC4Q086BP contains four 2 input AND gates and one OR 
gate which logically adds (OR) all the AND gates 
having an expander input to form AND-OR-select gate, 
and the output is inverted. 

INH/EXP input and ENABLE/EXP input are the expander 
inputs to connect other AND gates and select gate and’ 
these can be used as INHIBIT input to inhibit the 
select operation besides of the expander function. 










MAXIMUM RATINGS DIP 14 (3D14A-P) 


CHARACTERISTIC SYMBOL RATING 
V 


DD Vss-0.5 ~ Vost20 
Vss-0.5 ~ Vppt0.5 








PIN ASSTCNMENT 


1 


ag 
3 


10 
00 / 
Operating Temperature 


wade -40 ~ 85 


Storage Temperature 
Range 


Lead Temp./Time 260°C - 10sec 


=65 150 
ENABLE/ EXP 





INHIBIT’ EXP 


CIRCUIT DIAGRAM 


(TOP VIEW) 





ENABLE / EXP 


INHERIT CEE?) ©. OCIC -DIACRAT 


INHIBIT, EXP 


J =INH+ ENABLE + 
A-B+C°D+E:F+G:H 


ENABLE/ EXP 
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TC4086BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage 


-40°C 


5 
10 
15 


5 
Low-Level Ilout|] <l#A 10 


Vin=Vss,Vpp 


llout!]<1#A 
VIN=Vss,VppD 


Vou=4. 6V 
VoH=2.5V 
VoH=9.5V 
VoH=13.5V 


Vin=Vss,Vpp 


ViIn=VSS,VppD 


VoutT=0.5V, 4.5V 


Input High VouT=1.0V, 9.0V 
VOREAge VouT=1-5V,13.5V 
VouT=0.5V, 4.5V 
Input Low VouT=1.0V, 9.0V 
HOnraee Voupai 5V,1325¥ 
lTour!<14A 


ItyH| Vipn=18Vv i 
Input Level 
Current Fie ‘ 
Level petal 


4. 
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95 4.95 
9.95 


TC4086BP 





(Quiescent Device 


Current Ipp VIN=Vss, VDD 





* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, Cy=50pF) 


CHARACTERISTIC | SYMBOL | TEST CONDITION MIN, 
| Vpp (V) : 


| 5 
a a 








(Output Transition Time 





(Low to High) 










Output Transition Time 
(High to Low) 








iPropagation Delay Time 


(DATA - OUT) 













Propagation Delay Time 


(DATA - OUT) 







Propagation Delay Time 


(INHIBIT - OUT) 








(Propagation Delay Time 


(INHIBIT - OUT) 








/Propagation Delay Time 


(ENABLE - OUT) 









Propagation Delay Time 


(ENABLE - OUT) 


[Input Capacitance 
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-TC4086BP | 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


DATA, 
INHIBIT, 
ENABLE 
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tl 


TC4093BP BF C’MOS DIGITAL INTEGRATED CIRCUIT 
t SILICON MONOLITHIC 


TC4093BP/TC4093BF QUAD 2-INPUT NAND SCHMITT TRIGGERS 


| 


The TC4093BP/BF is a quad 2-input NAND gate having 
Schmitt trigger function for all the input terminals. 
Since the circuit threshold voltage varies with rising 
time and falling time of the input waveform (Vp and 
VN), this gate can be used for a wide variety of 
applications to line receivers, waveform shaping. 


astable multivibrators, monosatable multivibrators, 
etc. in addition to requalar NAND gates. 

As the TC4093BP/BF and the TC4011B are identical in 
pin assignment, they are compatible each other. 





1 
MFP14(FP14GB-—P ) 


MAXIMUM RATINGS 





DC Supply Voltage Vss-0.5 ~Vsst20 PIN ASSIGNMENT 
Input Voltage Vss-0.5~Vppt0.5 











DC Input Current 





Power Dissipation 


Operating Temperature 
Range 


Storage Temperature 
Range 


Lead Temp./Time 260°C + 10sec 


INPUT-OUTPUT CHARACTERISTIC 





Vpp 


Vout 
3 O U 


HYSTERESIS VOLTAGE 


(TOP VIEW) 





LOGIC DIAGRAM 





VDD Vy =Vp-Vy 
Vp 7 
Law) 
Vy oO 
Vag r 
as Vv 
aie H 
Vour 
——- VIN 
%*% INPUT-OUTPUT * TRANSFER 
VOLTAGE WAVEFORM CHARACTERISTICS 
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TC4093BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL 





DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC TEST CONDITION a oe 


5| 4.95 4.95] 5. 
High-Level Tour! <1#a 10| 9.95 
Output Voltage Vin=Vss,Vpp : ; 
5 


15414.95 


Low-Level 


© 
ame e 
. > 
re NO 


Output Low 
Current 


No 
Oo 


High Threshold 
Voltage 


DN fF NHYOIN WN BN 
BR co Wy WD NTN WI] WO Wo WwW 
Go 
* oO OD “oe 
e ° e e e (nn 
WW WwW Oo WM 
< 


bf oe 
(om =. 
= 
> 


Low Threshold 


Oo © 


ke 


bed 
? 
Ww 
© 
ra 





Current 


| 
fH 
a 

nn 


1C4093BP/BF 





ots ELECTRICAL CHARACTERISTICS (Vss=0V) 


C 


(Quiescent Device 
Current 


* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC SYMBOL} TEST CONDITION 


Output Transition Time 
CTLH 
(Low to High) 
Output Transition Time 
t 
(High to Low) a 


CpLH 
CpHL 


Propagation Delay Time 


CIRCUIT WAVEFORM 


“OUTPUT 


DUTY RATIO=50%, f=500kHz 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4094BP/BF 


i 





TC4094BP/TC4094BF 8-STAGE SHIFT-AND-STORE BUSREGISTER 
TC4094BP/BF is a SHIFT and STORE REGISTER that con- 


sists of an 8-bit shift register and an 8-bit latch. 


The read data in the shift register can be taken in 


jthe latch through the asynchronous STROBE input; 
therefore, the data transfer mode can hold output. 
And, since the parallel output is of 3-state 
construction, it can be directly connected to the 
8-bit busline. 

This register can be applied to Serial-to-parallel 
ete, 


conversion, data receivers, 


MAXIMUM RATINGS 


Vgg-0.5 VVggt20 








Veg-0.5 VVppt0.5 














-~65 4150 





260°C +10 sec 


SERIAL 
OUTPUT 


8-STAGEH 
SHEL “REG ie 2a Re 


STROBE S=-BiT 


LATCHES 


m= e.d ee Bi 
OUTPUTS 


OUTPUT 
ENABLE 


O 
PARALLEL OUTPUTS 
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1 


MFP16(F16GC-P) 





PIN ASSIGNMENT 


Vpp 
OUTPUT 
ENABLE 


STROBE 
DATA 
CLOCK 
Q) 
Q2 
Qs & 
Qa 
Vss 


or nor BN F 


(TOP VIEW) 





TRUTH TABL 


m™m 


BOoGScie 


Saas 


Qo. ~. 


£) 
m 
| 
= 
ZlZl lO ;O LOVE 
QP a Ir NWR 


O 
a 
| 

= 


O| Z| 2] Z| Zz 
Mm! Ql! Qy aya 


&) 
9) 


FIFEEEH 
FEE EEEL 8 
Cla al 
FBR 
NJQ;N]aQ 


CL= Clock x = Don’t care 
OB= Output Enable NC=No Change 


ST= Strobe HZ= High 


Impedance 


D = Data 
PO= Parallel Outputs 


SO=Serial Output 





TC4094BP/BF 


LOGIC DIAGRAM 


ouTPUT A 
ENABLE 





TIMING CHART 


: SE Ete 










STROBE 


OUTPUT ie 
ENABLE occa wae 
; Hb ze ot ALL Ib aly Eee Wi ; 


O 


: ae ate sire | LWAZZ | 
Pa ne 


ite oan 
gf ae Sruuinaty at 
ee aie ry 5 CLE VAL aL 
Speesaeually (CIF Biiaa Lr 
© EER EREEIADAI CELL ALEe 
oe EEEEE salina ar ano 
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| TC4094BP/BF 





RECOMMENDED OPERATING CONDITIONS  (Vss=O0V) 


DC Supply Voltage 


STATIC ELECTRICAL CHARACTERISTICS (WVgg=0 


CHARACTERISTIC |SYMBOL] TEST CONDITION be 


















High-Level 
Output Voltage 





Low-Level 


Output Voltage Vin=Vss> Vpp 


Output Low 
Current 


_IN'SS: Vpp 
Vuze a ON 


| Vout=l. OV, 9.0V 
Voltage Vout=l-2V,13.5V 








Input High 


Kaic 

10 

15 

5 

10 

15 

5 

Output High 5 
Current oe sg 
Voy=13- 15 

=0. 5 

Olek: | 

=1. 15 

| 5 

10 

15 





VoutT=0-5V, 4.5V 
Input Low VoutT=1.0V, 9.0V | 10 
Vout=l- SVs 13. 5V 15 


Current 
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TC4094BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (VSS=0V) 


HARACTERISTIC |SYMBOL] TEST CONDITION |YCC | 
[ewracrersric, foor| rest coorrion [Fee min.| typ. max. | on.| ax. | 








Output 
Leakage 
Current 


Quiescent Device | 


|Current 


Output Transition Time 
CTLH 
(Low to High) 
Output Transition Time try 
(High to Low) 
Propagation Delay Time 
(CLOCK - Qs) | 
Propagation Delay Time 
(CLOCK - Qs") 


Propagation Delay Time 
(STROBE — Qn) 


CpLH 
CpHL 

tpLH | 
CpHL 
: ; CpyLH 

Propagation Delay Time 

(CLOCK - Qn) “pH 
CoLH 
CpHL 

Three State Disable Time | tpHz | 
(OUTPUT ENABLE - Qn) — | tpzH 
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TC4094BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vogog=OV, Cy=50pF) 


CHARACTERISTIC SYMBOL Vpp (D) UNIT 
5 70 200 


Three State Disable Time 











10 40 100 
15 30) 80 
, 45 200 
10 20 100 ns 
80 










(OUTPUT ENABLE -Qn) 



























Min. Clock Pulse Width 













PUlse Width 





Min. 






(STROBE) 





Max. Clock Frequency 





Min. Set-up Time 






(DATA - CLOCK) 







Min. Hold Time 





(DATA - CLOCK) 







Min. Set-up Time 






(CLOCK - STROBE) 







Min. Hold Time 


(CLOCK - STROBE) 







Max. Clock Input Rise 
Time 

Max. Clock Input Fall 
Time 
















|Input Capacitance 
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TC4094BP/BF 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 


WAVEFORM 2 


OUTPUT 
STROBE ENABLE 


WAVEFORM 4 WAVEFORM 5 


STROBE 
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C*MOS DIGITAL INTEGRATED CIRCUIT 


SILICON MONOLITHIC 


TC4099BP/TC4099BF 8-BIT ADDRESSABLE LATCH 





inputs (AO, Al and A2). 

When WRITE DISABLE input and 
data is written into the bit 
address input and other bits 
conditions. When W. DISABLE 
into any bits is inhibited. 
and RESET input are "H", all 
i 7 


MAXIMUM RATINGS 


DC Supply Voltage 












Input Voltage 





Output Voltage 





TC4099BP/BF is eight bit latch having one common data 
input line and eight independent output lines and the 
latches are controlled by three bit binary address 


CHARACTERISTIC SYMBOL RATING UN 








RESET input is "L", the 
selected by the binary 
retain their previous 
input becomes "H", write 
When W. DISABLE input 
the bits are reset to 












Voc-0.5 % Voct20 


Vog-0.5 1 Vppt0.5 




















DC Input Voltage 










+10 

















Power Dissipation P 


Operating Temperature 


D 
Range Ta 


Storage Temperature 
Range 


LOGIC DIAGRAM 
@)—> 
DATA = (3) 


WRITE 
DISABLE (4) />° 





| RESET 


Lead Temp. /Time 








V 
Vgg-0.5 Vppt0.5 


300 (DIP) /180 (MFP) 


~40» 85 






260°C * 16 sec 


TC4099BP/BF 


1 





MFP16(F16GC-P) 


PIN ASSIGNMENT 


QY 
RESET 


DATA 


WRITE 
DISABLE 


AO 


(TOP VIEW) 
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* Same as LATCH O. 


LATCH 7 2X 





Mt 





TC4099BP/BF 


TRUTH TABLE 


ADDRESS INPUTS 





PIEODEEEEUEGI TE 
PEP PEPE EE EE EET EE 
2 fe toll otetlel seit tele 
2 lel deleleleleledeleL LD Pep Le - 
de eee eer eer Dl pL lg 
[eee set ele ees 
ee P Rr EEE EEE ELLE 
tel lela ee eb pL hh 
lee ells le] belle lal lal] fell) 
pa 
ede bedwewscddeneas 






OUTPUTS 








s previous data 









: Data input 








D 


WRITE 
DISABLE 





CONTROL INPUTS 





: Don't care 


RESET 


* 





=O0V) 


RECOMMENDED OPERATING CONDITIONS (Vsg 


Ar 
ta 

| 2 

El 

= 


STATIC ELECTRICAL CHARACTERISTICS (Vgg 





SYMBOL 
Vpp 


CHARACTERISTIC 
DC Supply Voltage 
Input Voltage 





=OV) 


Output Voltage 
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TC4099BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vgo=0V) 


CHARACTERISTIC TEST CONDITION } Vpp UNLT 
) 
5 





P 
Os 















































Low-Level | | <1pA 
Output Volt #0E an 10 
Jutpu age 
Bid eae ae VIN=Vss,Vpp 
| ak 15 
Vou=4.6V 5 
VoH=2 ° 5V 5 
Output High 
utpu 18 Loe VoH=9.5V 10 +1.5 
Current 
VOH=13.5V ils) 
VIN=Vss >» VDD 
Output Low I 
Current OL 
___| YIN=Vss,Vpp 
| Voyt=9- 5V, 4.5V 
Input High : | VouT=1.0V, 9.0V 
I ; 
Voltage : Vout=1.5V,13. 
\Tour| <1pA 
VoutT=0.5V, 4. 
| Input Low és VoutT=1.0V, 9.0V 
IL 
| Voltage Vout=1.5V,13. 
| aaa man 
|} Input Level 
Current myn 
Level 
|Quiescent 
iDevice Vin=Vss;Vpp 
Current * 


*A1] valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, 


SYMBOL 


CHARACTERISTIC 











}Output Transition Time 
| (Low to High) 
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TC4099BP/BF 





DYNAMIC ELECTRICAL CHARACTERIATICS (Ta=25°C, Vsg=OV, CL=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION | MIN. 
Vpp (V) 


5 
CTHL 
tpLH 
CpoHL 
tpLH 
CpHL 
CpLH 
CpHL 
je 













Output Transition Time 
(High to Low) 


he 
wm oO 


Propagation Delay Time 
(DATA —- Q) 







PH 
now 


Propagation Delay Time 
(WRITE DISABLE —- Q) 








Propagation Delay Time 
(ADDRESS —- Q) 


Propagation Delay Time 
(RESET —- Q) 


Min. Pulse Width 
(DATA) 


















Min. Pulse Width 
(WIRTE DISABLE ADDRESS) 


t 
t 
L 
t 


Min. Pulse Width 
(RESET) 


Min. Set-up Time 


(DATA - WRITE DISABLE) 


Min. Hold Time 
(DATA - WRITE DISABLE) 


Min. Set-up Time 
(ADDRESS-WRITE DISABLE) 


Min. Hold Time 





(ADDRESS-WRITE DISABLE) 


Input Capacitance 


od ho Koh il sed HoH iio Ro 
UAOUNnNoUUNoUjsUuoU|,UNoUl]UoOUjNoOU 


WwW 
W 
WH 
SU 
H 
SU 
Cy 
CIN 
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WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 


WAVEFORM 3 


WRITE 


DISABLE 


WAVEFORM 5 


WRITE 
DISABLE 
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WAVEFORM 2 


RESET 


WAVEFORM 4 


ADDRESS 


WAVEFORM 6 


ADDRESS 


WRITE 
DISABLE 


\ih 


| 





TC40102BP, TC40103BP svoserionsumcerse 


TC40102BP 8-STAGE PRESETTABLE SYNCHRONOUS DOWN COUNTER (2-Decade BCD Type) 
TC40103BP 8-STAGE PRESETTABLE SYNCHRONOUS DOWN COUNTER (8-Bit Bynary Type) 


The TC40102BP and TC40103BP are 8-stage presettable 
synchronous down counters. Output terminal CO/ZD is 
Iplaced in active mode at "L" level when the contents 
of count become zero. 

As the TC40102BP adopts BCD binary coded decimal 
notation, setting up to 99 counts is possible. The 
TC4O1LO3BP, with 8-bit binary construction, can set 
up to 255 counts. Each type has CI/CE inhibiting 
clock, APE asynchronous preset control input, SPE 
synchronous preset control input and RESET control 
input setting counter to maximum counting mode. 
Clock input, with Schmitt function, can accept clock 
waveform with slow rise and fall edge. 

















DIP 16(SDi6A-P) 








MAXIMUM RATINGS PIN ASSIGNMENT 


[smor[ eating [| 


25 
Output Voltage VOUT iD 


VDD 
VIN 
DC Input Current LIN | mA | 
Power Dissipation 3 Pp 300 mW 
TA 
Tste 
Tsol 








Input Voltage 






















ort nA Oo F A WD FH 


Operating Temperature 
Range 
Storage Temperature 
|Range 
TRUTH TABLE 
| CONTROL INPUT 











(TOP VIEW) 





{Lead Temp./Time 260°C - 10 sec 


FUNCTIONAL DESCRIPTION 


Count inhibit if clock is given, no count is made. 





Regular count count at rising edge of clock. 











Synchronous of PI terminal is preset at rising 
preset of clock. 





Asynchronous Data of PI terminal is asynchronously 
preset preset to clock. 





Counter is set to maximum count. 





|Note 1. »* : Don't care 
2. Maximum count: "$9" for TC40102BP and "255" for TC40103BP. 
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TC40102BP, TC40103BP 


LOGIC DIAGRAM 


7 
fH 
D 
ay 
a 
tH 
cal 
4 
wa 
3 
ina 
Py 
a 
ie) 
a8) 


TC40102BP 


TC40103BP 


BINARY PRESET INPUTS 
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TC40102BP, TC40103BP 





INTERNAL FLIP-FLOP (FO~F7) CIRCUIT DIAGRAM AND TRUTH TABLE OF COUNTER 


INTERNAL FLIP-FLOP TRUTH TABLE 


INPUT OUTPUT 
CLOCK | Qnt1 


| 
| 


> 
rg 
tA 
Sp) 
rd 
fx 


_ 


sala 


| 7 
oe ee ee ee ee oA 
Fy 





FUNCTIONAL DESCRIPTION 


The TC40102BP and TC40103BP are 8-stage presettable synchronous down counters. 

Carry Out/Zero Deffect (CO/ZD) is output at the "L" level for the period of 1 bit when 
the readout becomes "0". The TC40102BP adopts binary coded decimal notation, making 
setting up to 99 counts possible. While the TC40103BP adopts 8-bit binary counter and 
can set up to 255 counts. 


COUNT OPERATION 


At the "H" level of control input of RESET, SPE and APE, the counter carries out down 
count operation one by one at the rise of pulse given to CLOCK input. Count operation 
can be inhibited by setting Carry Input/Clock Enable (CI/CE) to the "H" level. 

CO/ZD is output at the "L" level when the readout becomes "0", but is not output even 
if the readout becomes "0" when CI/CE is at the "H'"' level, thus maintaining the "H" 
level. 


Synchronous cascade operation can be carried out by using CI/CE input and CO/ZD 
output. 
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TC40102BP, TC40103BP 





FUNCTION DESCRIPTION (Cont'd) 


The contents of count jump to maximum count (99 for the TC40102BP and 255 for the 
TC40103BP) if clock is given when the readout is "0". Therefore, operation of 100- 
frequency division and that of 256-frequency division are carried out for the TC40102BP 
and TC40103BP, respectively, when clock input alone is given without various kinds of 
preset operations. To clock input is attached Schmitt gate. 


PRESET OPERATION AND RESET OPERATION 


When Reset (RESET) input is set to the "L" level, the readout is set to the maximum 
count independently of other inputs. When Keynchroncus Preset Enable (APE) input is 
set to the "L" level, readouts given on P.10 to P.17 can be preset asynchronously to 
counter independently of inputs other than RESET input. When Synchronous Preset Enable 
(SPE) is set to the "L" level, the readouts given on P.10 to P.17 can be preset to 
counter synchronously with the rise of clock. 


As to these operation modes, refer to the truth table. 





TIMING CHART 


CAE 


Pie PE 


PI, 


Pls 

Pre ” = 

“ EMSRS 
ft 

CG7ZD 


( TC40102BP ) 99| 98) 3 3 99 98| 97 


Number of 
Count (TC40103BP) 255/254 3 S55 (254) 258 
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TC40102BP, TC40103BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Taptit Voltage 


VpD 


° : 
IIout!<14A 
. VimeVeo.V 1 9.95/10. 
IN=Vss>VpD 
1 14.95]15. 
; 0. 
Low-Level IIour!] <14A F 
ViIn=Vss;Vpp | ; ; 
: 1 . : 


VoH=4.6V 


VoH=2-5V 
VoH=9.5V 1 
VoH=13.5V 


0 
5 
i) 
0 
5 
5 
5 
0 
5 
5 
0 
5 


i 
1 
rinvss.top |_| 
~ |vour=0.5V, 4.5v| 5 
Input High VouT=1.0V, 9.0V] 10 
vOFEage VouT=1.5V,13.5v} 15 


VouT=0.5V, 4.5V 5 
Input Low VouT=1-0V, 9.0V} 10 
VoutT=1.5V,13.5V 
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TC40102BP, TC40103BP 





STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V) 


CHARACTERISTIC TEST CONDITION 
(V) 


Quiescent Device 


Current Ipp VIN-Vss VDD 





*x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=O0V, Cy=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION Vpp (V) MIN. PYPs MAX. UNIT 


5 80 200 
Output Transition Time ree 10 50 100 
. 15 40 80 aS 
5 80 200 
CTHL » 10 50 100 
15 40 80 . 


(Low to High) 
5 
t 
pLH 10 
tpHL 
CpLH 
tpHL 


18 
5 200 400 
(10 90 180 ns 
| 5 350 | 1300 
“Eee 10 136 600: ns 
“eee 15 100 400 
E 

























Output Transition Time 
(High to Low) 





Propagation Delay Time 


(CLOCK - CO/ZD) 









.|Propagation Delay Time 


(CI/CE - CO/ZD) 










Propagation Delay Time 


(APE - CO/ZD) 






Propagation Delay Time 


(RESET - CO/ZD) 





10 
15 

5 
10 








Min. Clock Pulse Width 


ct 
Le: 





Min. Pulse Width 
(RESET) 





5 300 720 
120 360 ns 
90 200 
CwWL 
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TC40102BP, TC40103BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vsg=OV, CL=50pF) 


Min. Pulse Width 
(APE) 


Max. Clock Frequency 


Max. Clock Input Rise 
Time. 

Max. Clock Input Fall 
Time. : 


Min. Set-up Time 


(SPE ~ CLOCK) 


Min. Set-up Time 


(PI - CLOCK) 


Min. Set-up Time 


(CI/CE - CLOCK) 


Min. Set-up Time 


(PI - APE) 


Min. Removal Time 


(APE-CLOCK) 


Input Capacitance 
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TC40102BP, TC40103BP 


- 2 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 






WAVEFORM 1 





Programmable 






Pulse 







Generator 





WAVEFORM 4 
20n8s 





WAVEFORM 3 







tpyLH 


WAVEFORM 6 







APE 









FY/F, 
Output 





(** F/F output is internal signal of IC.) 
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TC40102BP, TC40103BP 





APPLICATION CIRCUIT 
PROGRAMMABLE DIVIDE-BY-N COUNTER 


fIN 
fOUT = WL 


- Timing chart when N='"'3" 
(PIO, PIl=Vpp, P12 ~PI7=Vss) 


fIn | | | | | | | | | | 
fouTt | | | | 


COUNT | 0 | 3 | 2 | it | 0 | 3 | Z 





> TC40102BP...1/2 to 1/100 are 
dividable. 
- TC40103BP...1/2 to 1/256 are 


| PARALLEL CARRY CASCADING dividable. 


CLOCK 


i 7 
INHIBIT 


4CI/CE CO/ZD] 
| co 


CLOCK 





CLOCK 9 > ae encerenere 


x At synchronous cascade connection, buzzard occurs at CO output after its 
second stage when digit place changes, due to delay arrival. Therefore, 
take gate from TC4071BP or the like, not from CO output at the rear stage 
directly. 


| PROGRAMMABLE TIMER 


tg 
ree 
SET L_| 


OUT | | : 


een). Serre 
N 


Note: The above formula does not 
take into account the phase of 
clock input. Therefore, the real 
pulse width is the distance 
between the above formula-1/fIn~ 
the above formula. 
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stigsewonaunme =" TC40104BP, TC40194BP 





TC40104BP 4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER WITH 3-STATE OUTPUTS 
TC40194BP 4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER WITH ASYNCHRONOUS MASTER RESET 


The TC40104BP and TC40194BP are 4-bit shift registers 
with parallel output, parallel input, shift right and 
shift left inputs. 

To the TC40104BP is attached OUTPUT ENABLE input 
which can place output terminal into high impedance. 
Also, to the TC40194BP is attached RESET input which 
can clear the contents of registers asynchronously. 
In parallel data preset mode, data of Do~D3 are not 
only preset in the internal register, but output to 
each Q output, at the rise of clock, Shift right and 
shift left inputs are inhibited during the time. 

In shift right and shift left modes, data from shift 
right and shift left inputs are shifted to the right c : P 

and to the left by 1 bit, respectively, synchronously ANAS oT GNieNT Caw) 
with the rise of clock. 

The TC40194BP is function and pin compatible with the 
74194 of TTL. 


DIP 16(3D16A-P) 





TC40104BP 





o. 
Qi 
Q2 
Qs 
CLOCK 


TRUTH TABLE 
TC401L04BP 


CLOCK To eee OPERATION MODE 
B4 5 ENABLE 


* : Don't care 










51] MODE 
g,, | SBLECT 
0 


TC40194BP 


OPERATION MODE 


| 






oO rr 8 GO F A ND & 










ia 
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ll 


TC40104BP, 1¢40194BP 


LOGIC DIAGRAM 


TC40104BP 








SHIFT LEFT 
INPUT. =: 


po<t{(7 ) 


SHIFT’ RIGHT 
INPUT 


OUTPUT 
ENABLE 


<fo<H(1) 
Y 
5 


Q4) as 





D 
TC40194BP (S) 0 
. \/ 
SHIFT RIGHT ‘7 SHIFT LEFT 
INPUT INPUT 


(2) —_ oo Px <p?) 
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MAXIMUM RATINGS 


+10 mA 
Power Dissipation 300 
Operating Temperature Range 
Storage Temperature Range 


Lead Temp./Time 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage 


5 
10 
15 


5 
Low-Level IIour! <14A 


ViIn=Vss,Vpp 


lIoyt!] <1e#A 
VIN=VSS,VpD 


VoH=4.6V 
VoH=2.5V 
VoH=9. 5V 
VoH=13.5V 


Vin=Vss;Vpp 





VIN=Vss;Vpp 
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TC40104BP, TC40194BP 





STATIC ELECTRICAL CHARACTERISTICS (Vsgs=0V) 


CHARACTERISTIC or TEST CONDITION |V es 
BOL ( aes 





VouT=0.5V, 4.5V 


Input High Voyt=1-0V, 9.0V a 7.0] 5.5 
VOZESBE Voyr=1-5V,13-5V 1s Ol 6.95 
VouT=0.5V, 4.5V 
Input Low VouT=1.0V, 9.0V 
Wey7el.oV.13.50 





Input 
Current 


3-State © 
Output 
Leakage 
Current 


{Quiescent Device 
Current 


© Only TC40104BP * All valid input combinations. 
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, CL=50pF) 


MAX. 


D 

| ; 200 

|Output Transition Time . 
(Low to High) °TLH 100 
| 80 
| 200 

Output Transition Time. 
100 
(High to Low) °THL 

80 


| | 440 
-1|Propagation Delay Time CpLH 200 


(CLOCK - Q) tpHL 

: 140 

Three State Disable 166 

Time CpZH | | i: 
(OUTPUT. ENABLE - Q) © tpZL 

: 50 
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TC40104BP, TC40194BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cy=50pF) 


CHARACTERISTIC SYMBOL| TEST CONDITION Vpp (V) dG Sa 
5 


Three State Disable 


: t 
Time | pLZ Rp=lko 10 = 
(OUTPUT ENABLE - Q) ©] toyz 



















|Max. Clock Input Rise 
Time. 
Max. Clock Input Fall 


Time. 






a 15 - 
2) 
Propagation Delay Time 
oe Sessa t 10 
(RESET - Q) x Be 
15 
5 
Min. Clock Pulse Width ty 10 
15 
3) 
Min. Pulse Width 
| ———— 10 
(RESET) x 
| 15 
5 
Max. Clock Frequency 10 
15 






Min. Set-up Time 








((Do ~D3, SRIN, SLIN- 
CLOCK) 


trch 
EfGh 


5 
10 
15 







Min. Set-up Time 
(So, Sj, - CLOCK) 







Min. Hold Time 


(Do~D3, SRIN; 
SLi - CLCOK) 





Input Capacitance Pen. | 


© Only TC40104BP * Only TC40194BP 







Min. Hold Time 
(SQ, S, -— CLOCK) 







CWL 
ECL 
lsu 
tsu 
ty 
ty | 
CIN 
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TC40104BP, TC40194BP 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





WAVEFORM 1 


20n8s 20ns 


Vii xe 


10% 10% 


WAVEFORM 2 


OUTPUT 
ENABLE 


WAVEFORM 3 
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C’MOS DIGITAL INTEGRATED CIRCUIT 16401 07BP 
SILICON MONOLITHIC 





TC40107BP DUAL 2-INPUT NAND BUFFER/DRIVER 


TC40107BP is a dual 2-input NAND gate, of which 
output is of open-drain structure by use of N-channel 
MOS FET. Being capable of driving a large current, 
it can be directly connected to a relay, a lamp, a 
light-emitting diode (LED), etc. Wired OR can be 
also made. 


(IloL=74mA (Typ.) at Vpp=10V and VoL=0.5V) 

The package is a compact DIP 8-pin unit, which is 
easily mounted. 

Since its output current is large, if the capacitor 
of an output line exceeds 500pF, a resistor of 250 
or more should be used in series with the capacitor. 


DIP 8 (3D8A-P) 





MAXIMUM RATINGS PIN ASSIGNMENT 


SYMBOL 
Output Voltage VOUT 
Iss 
g 











Input Voltage 









25 
Operating Temperature SPR ° 


ptorcee Temperature Tste 65 ~150 
Lead Temp./Time Tsol 260°C - 10 sec 





TRUTH TABLE 


OUTPUT 
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|) 


| 


| 


TC40107BP 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


| CHARACTERISTIC 


Low-Level | |loutT] <1#A 
Output Voltage VIH=VpD 


(Output Low 
Current 


Input High 
Voltage 


VouT=4.5V 
Input Low VoutT=29. OV 
Voltage 

VoutT=13.5V 

| Tout |<14A 


MyM | 
Input Leve | IH] VIH=18V 
[Current fiyn 

Level Pe VERY 


3-State Output 
Leakage Current 


Quiescent Device VIN=Vpp>VSs 
Current a= jOutputs Open 





* Required external pull-up register R (=20kQ) 
** All valid input combinations. 
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TC40107BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


Output Transition Time 
(Low to High) 


Output Transition Time 
(High to Low) 


Propagation Delay Time 
(Low to High) 


Propagation Delay Time 
(High to Low) 


Input Capacitance 


CIRCUIT WAVEFORM 


1200 


PULSE 


| GENERATOR OUTPUT 


Cy, =S5OpF Ry, 


JH 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


—— 
LS 
Se 
a 
—— 
TT 
——————— 
a 
—— 
SS 
— 
——— 
a 
a 
——— _ 
a 
SL 
OE 
SS 
———— 
— 
ST 
—SEe 
LN 
Se ON 
———Eeee 
RT 
—— 
——— 
SE 
ee 
—— 
TT 





TC40117BP PROGRAMMABLE DUAL 4-BIT TERMINATOR 












to a high or low state. 


a power down condition. 


resisters. 


high or low logic state respectively. 


Volt that allows designers 
driving system. 


MAXIMUM RATINGS 
CHARACTERISTIC 


DC Supply Voltage 
Input Voltage 
VOUT 


Output Voltage 


VDD 
VIN 
Power Dissipation | rp [300 (| aw 


Storage Temperature Tstoe 
Lead Temp./Time 


LOGIC DIAGRAM 


260°C 


TERMINATED L/0 


KA 

Fae 

KT 
ist 

D 

3 


/\ 


PAY 
SS aS 
/\ 


TC40117BP contains independent two 4-bit Pragrammable 
Terminators that are capable of terminating a data bus 
They can also terminate any 
open or unused CMOS logic input to the last driven 
logic state when used with 3-state logic or during 

The terminator reduces power 
consumption by eliminating pull up or pull down 

When the STROBE input is held low, the 
‘terminated input/output latches the last DATA input 
until the terminated input/output changes state. 

When STROBE input is held high and DATA input is kept 
high or low, the terminated input/output stay in a 


It also has a wide operating voltage range of 2~18 
to use it in the battery 








DIP 14 (3D14A-P) 





PIN ASSIGNMENT 


(TOP VIEW) 





10 sec 
TRUTH TABLE 


INPUTS TERMINATED 1/0 


STROBE DATA | 1A(B)} 2A(B)| 3A(B)| 4A (B) 
5 
Ce ee 
H=High Level 
L=Low Level 
X=Don't Care 
*Terminator retains the last data state 
during strobo if its inputs are high 
impedance state. 

If inputs are not in high impedance 

state. Then Terminator follows the 

last driven state ("H" or "L" on its 
input /out put) 


. Equivalent to pull-down resistor 
. Equivalent to pull-up resistor 
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TC40117BP 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


CHARACTERISTIC SYMBOL TEST CONDITION 








STATIC ELECTRICAL CHARACTERISTICS (Vgg=0V) 


CHARACTERISTIC |SYMBOL | TEST CONDITIONS |Vpp 
| (V) 


High-Level llour|] <1l#A 


Output Voltage VIn=Vss,VppD = 


1 
5 


Low-Leve 1 llout! <14A + 


Output Voltage ViIn=Vsg.Vpp 


VouH=4. 6V 
Output High  |VoH=9.5V 

VoH=13.5V 

VIN=Vss>VDD 


VIN=VSS;VDD 


VouT=0.5V, 4.5V 
Input High VouT=1.0V, 9.0V 
Voltage 

VoutT=L.5V,13.5V 

1} Iout|] <lwA 

VoutT=0.5V, 4.5V 

VouT=1.0V, 9.0V 

Vout=1.5V,13.5V 


my 


Quiescent 
Device Current 
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TC40117BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF) 


SYMBOL | TEST CONDITION 







CHARACTERISTIC 













Output Transition Time 
(Low to High) 


twH 
CWH 


SU 


ho 
uu Oo 


Out put Transition Time 
(High to Low) 





Propagation Delay Time 
(STROBE, DATA-A,B) 


Propagation Delay Time 
(STROBE, DATA-A,B) 


Minimum Pulse Width 
(STROBE) 














Minimum Pulse Width 
(DATA) 


ct 
= 
Et 


Minimum Pulse Width 
(TERMINATED I/0) 


= 
Se 


an 
i. Oe un 


Minimum Set-Up Time 
(DATA~STROBE) 


Minimum Hold Time 
(DATA-STROBE) 


Input Capacitance 


300. 


TC40117BP 





WAVEFORM FOR MEASUREMENT OF BYNAMIC CHARACTERISTICS 






20n8 20ns 


——so, ———— 


DATA 50% ¥+50% £ 50% 


Fat 
50% 
/ 


10% 


: 50% 


t pHL 


STROBE 


TERMINATED I/O 





DATA 


STROBE 







tgu ty 


(STROBE = "L" ) 







TERMINATED I/O 








TERMINATED I/0 
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TC40117BP 





TYPICAL APPLICATIONS 


(1) APPLICATION FOR TERMINATING AN 8-BIT DATA BUS LINE OF CPU 


1/2 TC40117BP 

















DATA 
STROBE 
CPU | 
DATA BUS 
|| ft tt td 
feobey pede | 
RaseEe are 
eee eras eee 
Rae (eee Bias: PAROS 
SS ee eae CP Meee) mE Gree) 
1 aaa eer er es (ee aay eseeee cena] Serta, 
f ee el ee ere ees ee 


STROBE 
DATA 


STROBE p—O-+> | <0 
= PAR AR BRA ES 


TC40117BP 





(2) APPLICATION FOR ANTI-BOUNCE CIRCUIT (3) APPLICATION FOR INTERFACE CIRCUIT 
' BETWEEN TTL OUTPUT AND CMOS INPUT 


1/8 TC40117BP | 1/8 TC40117BP 


Vpp 








DATA DATA 


STROBE STROBE 
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~ TC40160BP, TC40161BP, 
cos piaal wreceave cReUT —-TOAQIG2BP, TC401 63BP 


wi 





SYNCHRONOUS PROGRAMMABLE 4-BIT COUNTER 
TC40160BP DECADE WITH ASYNCHRONOUS CLEAR 
TC40161BP BINARY WITH ASYNCHRONOUS CLEAR 
TC40162BP DECADE WITH SYNCHRONOUS CLEAR 
TC40163BP BINARY WITH SYNCHRONOUS CLEAR 


The TC40160BP, TC40161BP, TC40162BP, and TC40163BP 
are synchronously programmable 4-bit counters. 

The TC40160BP and TC40161BP are decimal counter and 
4-bit binary counter respectively having asynchronous 
clear function which directly clears all the flip- 
flop outputs. The TC40162BP and TC40163BP are decima 


counter and 4-bit binary counter respectively which 
are synchronous at the rising edges of clocks. 

CLEAR and LOAD of these counters are active at the 
"L" level. Further, these counters are functionally 
compatible with the 74160, 74161, 74162, and 74163 
of TTL. 


DIP 16(3D16A—P) 





MAXIMUM RATINGS PIN ASSIGNMENT 


CHARACTERISTIC SYMBOL RATING UNIT 
DC Supply Voltage Vss-0.5 ~Vsst20 Pov 


Vss-0.5~Vppt0.5 


Lond 
Vss-0.5 ~Vppt0.5 ms 
[300 


= 
Tste -65 ~150 ae 
Tsol 


260°C - 10 sec 





















Input Voltage 








Output Voltage 
















DC Input Current 








Power Dissipation 








Operating Temperature 
Range 












Storage Temperature 
Range 













(TOP VIEW) 





Lead Temp./Time 
TRUTH TABLE 
©: Don't care 


: Level change 


: No change 





:. Data “HA or “LY 








Don't care 








Rise edge 
(TC40162, 1040163) 
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(TC40160, TC40161) 





(TC40160BP, TC4D1G2BP) 


~ Te40160BP,1¢40161BP, 1¢40162BP, T40163BP 
LIGIC DIAGRAM 





Sel het 


: see ell es | | 
nimiiie CULT Th 
(stoped AAAE 
Ba 


INHIBIT 





ee! 


ACYNC SYNC PRES! 


(TC40160BP, TC40162BP) 
CLEAR CLEAR 


C2 “%) 
FG CG 
.{_ +> 


e 
=) 
Ay 
EH 
ES 
oe) 
p 
: 
e 


CLOCK 
OUTPUT 





TIMING CHART 
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TC40160BP, TC40161BP, 1C40162BP, 1C40163BP 


‘ 





LOGIC DIAGRAM (TC40161BP, TC40163BP) 


Vv 
NY, 


\/ \/ 
© 
\/ 











. 


, 


u 
a 
all 


> 





TIMING CHART (TC40161BP, TC40163BP ) 
RESET 
LOAD 


seh 


DATA INPUT 


ENABLE 


CLOCK , ria 
[ieee eer 

aoe ; 
—— 


OUTPUT 


D 
ww 
puloulbe dl | 


CARRY OUTPUT a 


ASYNC SYNC 
CLEAR CLEAR PRESET COUNT PNETeE 
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TC40160BP, 1C40161BP, TC40162BP, 1C40163BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage VIN 


llout] <1A 
Output Voltage ViIn=Vss, VppD 


‘lLow-Level I Iour! <14A 


Vin=Vss>Vpp 


VoH=4. 6V 
VoH=2.5V 


|Vour= =0.5V, 4.5V 
Input High VouT=l. OV= 9.0V 
NORtaBE Vourel.5V13<5¥ 

Tout! <1aA 

VouT=0.5V, 4.5V 


Input Low VouT=1.0V, @s OV 
Voltage 


: myth 
Input Level Lay cae 


Current oh 
Level 





306 | 


TC40160BP, TC40161BP,TC40162BP, TC40163BP_ 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC 


Quiescent Device 
Current 





* All Valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vsgg=0V, CL=50pF) 


CHARACTERISTIC 


D 
5 
Output Transition Time ‘ 10 
(Low to High) TLH 
15 
5 
Output Transition Time 
(High to Low) ETHL 19 
15 
: ; 5 
Propagation Delay Time tpoLH 
10 
(CLOCK - Q) tpHL 
5 


5 
H 


Propagation Delay Time tpL 
CpHL 


(CLOCK-CARRY OUT) 


Propagation Delay Time CpLH 
(TE-CARRY OUT) CpHL 


Propagation Delay Time 


(RESET - Q) 
40160, 40161 Only 





Min. Clock Pulse Width 


Min. Pulse Width 


(RESET) 
40160, 40161 Only 





307 


TC40160BP, TC40161BP, TC40162BP, TC40163BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cy=50pF) 


CHARACTERISTIC SYMBOL| T 




















































5 
Max. Clock Frequency fc, 10 
15 
Max. Clock Input Rise 5 
Time. CrCL aa 
Max. Clock Input Fall tech 
Time. 15 
5 
Min. Set-up Time 
(Py - CLOCK) ESU ~ 
| 15 
5 
Min. Set-up Time 
paneer tsu 10 
(LOAD - CLOCK) ‘6 
ns 
; 5 190 380 
Min. Set-up Time 
tsy 10 70 140 
(PE, TE - CLOCK) eA a0 
Min. Set-up Time 5 50 310 
(RESET - CLOCK): tsy 10 20 110 
40162, 40163 Only 5. 15 70 
, : | 5 0 
Min. Hold Time 
ce 0 
(Pn, LOAD, PE, TE- tH nH | 
CLOCK) 15 5 
ns 
Min. Hold Time 5 —30 
(RESET - CLOCK) ty 10 -10 
40162, 40163 Only 15° a5 
Min. Removal Time 5 80 200 
(RESET - COLCK) a 10 - 2 100 ns 
40160, 40161 Only 15 15 70 
a 
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TC40160BP, TC40161BP, TC40162BP, 1C40163BP 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 


Qs 
CARRY OUT 


WAVEFORM 2 WAVEFORM 3 (40162, 40163) 


20ns 


CARRY OUT 


WAVEFORM 4 (40160, 40161) 


20ns 
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TC40160BP, TC40161BP, TC40162BP, TC40163BP 





APPLICATION CIRCUIT 
1. Cascaded counter packages in the parallel-clocked mode. 


Po Fe, «Pe: Py 4. bo: Bie Py Py Po. Fe, A 


See ecersae 


lec 

LD Py. Bo: Fe: by 

PE . co 

R 

CLK 2] Q2 3 Q4 

ae i cee ir eeenee 

CLOCK O aes 
Se eee er aa a (Ra a A) (se ee ee a ee 


O O O O.. O © O O O O O O 
Qi @2 as Q4 Qi Qe Az Qy4 Qi Q@2 83 Q4 
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cuosgamwiesweecreor1040174BP/ BF 


SILICON MONOLITHIC 





TC40174BP/TC40174BF HEX D-TYPE FLIP--FLOP 


TC40174BP/TC40174BF contains six circuits of D type 
flip-flops having common cieck terminal and clear 
terminal. The logical input applied to Dn input is 
transferred to Qn output by the rising edge of CLOCK 


input. 

RESET input is active with “L" level. This has the 
same functions as TTL 54174/74174 and the pin 
assignment is also same. 


a 


DIP 16 (3D16A-P) 





MAXIMUM RATINGS 
1 


MFP 16 (F16GC-P ) 
Vss-0.5 ~ Vggt20 


Vss-0.5~Vppt0.5 











PIN ASSIGNMENT 





(TOP VIEW) 





TRUTH TABLE 


INPUTS OUTPUT 
CLOCKS) Dn 
H 














: Level change 






- : No change 





: Don't care 
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Ai 


 1040174BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 
CHARACTERISTIC | 
DC Supply Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


SYM~ 
CHARACTERISTIC 



























lIout! <1zA 


VIN=Vss,Vpp 


|Low-Level llout!] <1#A 


VIn=Vss;Vpp 





VoH=4. 6V 
|Voyq=2.5V 
VoH=9.5V 
VoH=13.5V 
|VoL=0.4V 
VoL=0.5V 
VoL=l.5V 













IOH 





IOL 










VIN=VSs,VpD 
Voyt=0.5V, 4.51 
VoutT=1.0V, 9. 
VoutT=1.5V,13. 
lIoyr! <14A 

VouT=0.5V, 4. 
VouT=L<0V., 9: 
VouT=1.5V,13. 






Input High 


Voltage | VI 










Input Low 
Voltage 
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1C40174BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC 


Quiescent Device 
Current 





* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, Cy,=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION 
Vpp (Vv 


t 


pLH 









< 
KH 
Z 
ri 
r< 
? 
. 
e 
Z 
- 
A 





Output Transition Time 





(Low to High) 













Output Transition Time 





(High to Low) 


Propagation Delay Time 


(CLOCK:= ©) 






COHL 


Propagation Delay Time 


(RESET - Q) 







ct 
= 
ba pat pel eae “pa pe be 
wmlnoiuluoiulwuoiuluo wuluUuoiu 






Min. Clock Pulse Width 


ns 






Min. Pulse Width 
(RESET) 





_ 
© 






15 









Max. Clock Frequency 


0 
on WU 

be be 

un wl se an u 

205 SO: (Gr 

RH RB whe & w& 

Of Lio &£ 6 

S36. Or S. -S 

2 | 

n 





Max. Clock Input Rise 
Time. 

Max. Clock Input Fall 
Time. 













cr ot 
th 4 
. -O 
EH of 
an 
Wr (Oo Gi 
KE Re ON 
nu oO 
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TC40174BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC SYMBOL] TEST CONDITION Vpp (Vv) MIN. 


Min. Set-up Time : 
tsy 10 12 25 
15 15 


(DATA - CLOCK) 
5 80 


10 0 _ 40 
15 3 30 
5 40 






































Min. Hold Time | 
(DATA — CLOCK) 





























Min. Removal Time 


(RESET - CLOCK) 






20ns 2£0ns 


see / 9 O'%e 
50% 5 0% 
— [| 10% 
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C?MOS DIGITAL INTEGRATED CIRCUIT 1C401 T 5BP/BF 
SILICON MONOLITHIC 


IM 





TC40175BP/TC40175BF QUAD D-TYPE FLIP-FLOP 


TC40175BP/TC40175BF contains four circuits of D type 
flip-flop having common clock terminal and clear 
terminal. The logical input applied to Dn input is 
transferred to Qn output by the rising edge of CLOCK 


input. 

RESET spat 2s active with “L" Level. “This has the 
sane functions as TTL 54175/74175 and the pin 
assignment is also same. 


nu 


DIP 16(SD16A-P ) 





MAX i MUM 


ui LeGS 
CHARACTERISTIC SYMBOL RATING 


DC Supply Voitage Vss-0.5 ~Vgsgt20 


1 
MFP 16(F16QC-P) 





Input Voltage { Vss-0.5 ~Vppto.5 








Output Voltage pr | Ves-0.5~Vpnpte.5 





DC Input Current Ty +106 





Power Dissipation 300 (DIP) /180 (MFP) 





Operating Temperature 
Range 

Storage Temperature 
Range 


Lead Temp. /Time 














Level change 


: No change 


* : Don't care 
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1C40175BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 





~ CHARACTERISTIC SYMBOL 
DC Supply Voltage 
aie 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


: ~40°C 
VpD 


. 5] 4.95 4.95] 5.00 
lIour |}<1#A 
- ? 10] 9.95 9.95;10.00 
LN= ».DD 
ee 15|14.95 14.95/315.00 
5 0.00 
llout] <14A 
10 0.00 
Vin=Vss;VpD 
0.00 
ce 





VoHu=4.6V -1.0 
VoH=2.5V .O 
VoH=9.5V 2 
Voq=13.5V 0 


VouT=0.5V, 4.5V 
Input High VoutT=1.0V, 9.0V 
VOTEAEe VouT=1.5V,13.5V 


VoutT=0.5V, 4.5V 
Input Low VoutT=1.0V, 9.0V 
vOnESS¢ Voyr=1-5V,13.5V] 15 


IIour |] <14A 


| ad * hd es 
Input Level TTA VHT OY 


Current mp 


| Level 





316 


1040175BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


CHARACTERISTIC 


Quiescent Device 
Current 





x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=OV, Cy=50pF) 


CHARACTERISTIC SYMBOL] TEST CONDITION ; 
Vpp (V) 


3 
Output Transition Time 
CTLH ae 
15 
5 
tTHL | 10 
15 


5 
10 
15 



















(Low to High) 





















Output Transition Time 








(High to Low) 













Propagation Delay Time 


(CLOCK — Q, Q) 

















5 
10 
15 
2 
10 
5 
5 






Propagation Delay Time 


(RESET - Q, Q) 

























Clock Pulse Width 





Min. 












Min. Pulse Width 
(RESET) 





CWL LO 
iS 
5 







Max. Clock Frequency 







15 


5 
CrcLh 
a 10 15 S 
LE 
£CL . 








Max. Clock Input Rise 
Time. 

Max. Clock Input Fall 
Time. 
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1C40175BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cy=50pF) 


Min. Set-up Time 


(DATA - CLOCK) 


Min. Hold Time 7 


(DATA — CLOCK) 


Min. Removal Time 
Pacer ee t 
(RESET - CLOCK) pm 
Input Capacitance 7 ee 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





20ns z0ns 


90% 90% 
50% 50% 
1 0% 


10% 
20ns 20ns 


se 
50% 
oe 
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erwos ovairat wrecrateo crcuT TE AQ{92BP [C40193BP 





TC40192BP PRESETTABLE BCD UP/DOWN COUNTER (Dual Clock with Reset) 
TC40193BP PRESETTABLE BINARY UP/DOWN COUNTER (Dual Clock with Reset) 


TC40192BP/TC40193BP is a synchronous 4-bit up/down 
counter. 

The RESET input is active at "H' level, and the 
PRESET ENABLE input is active at "L" level; both of 
them perform asynchronous operation. 

In the clock, the up-count input and the down-count 
input are independent each other, and each input 
performs count operation at the rising edge of the 
pulse. And the clock in the counter takes the logic 
sum of counting up and counting down; therefore, one 
clock input can be used as a clock inhibit input. 
The functions and pin assignment of TC40192BP and 
TC40193BP are compatible with those of 74192 and 
44193: 0 TT: 


MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 
DC Supply Voltage VDD Vss-0.5 ~ Vsst20 


Input Voltage VIN Vss-0.5~Vppto.5 
Output Voltage Vout | Vss-0.5 ~Vppt0.5 


DC Input Current IIn 


Operating Temperature 
Range 

Storage Temperature T 
Range Ste 


Lead Temp./Time Tsol 
TRUTH TABLE 











DIP 16(3D16A--P) 








PIN ASSIGNMENT 












ped 
© 






CLOCK DOWN 






CLOCK UP 


Q3 


RH 


a ry 
BAlda da 


Wo 
jo) 
© 
aor Om oO F WA NY F 


~40 ~85 
(TOP VIEW) 
-65 ~150 





260°C - 10 sec 










(TC40192BP, TC40193BP) 


CLOCK| CLOCK| PRESET 
RESET] . ACTION 
UP DOWN | ENABLE 
H 


COUNT UP 


ee ee 
: 














NO COUNT 
x PRESET 







* : Don't care 
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TC40192BP, TC40193BP 





LOGIC DIAGRAM (TC40192BP) 


CLOCK UP 


Fe 
o> Miia = il 


| CLOCK DOWN CTT] 


)— 





TIMING CHART (TC40192BP) 


RESET 





ae ale eee 
PE 
Jy 
J2 
Js 
J4 

CLOCK UP 


wee coo m8 
cotta ier hp bhhhhh 

; -2 at oe HHP cise 

= HTB is ST Tt 


eg ee a re 
Q4 ze 
CARRY Stim PERE er eee 
BORROW 
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TC40192BP, TC40193BP 


LOGIC DIAGRAM (TC40193BP) 





PRESET ENABLE 








> 





CLOCK DOWN 





TIMING CHART (TC40193BP) 


thhnhhn 
ee 


i 
CLOCK UP ° gai tte ted aes | AAR 
—_ sti or uF 7 ei hie ie 
. si LER | = aa” autre aH 


a oe ate eee eee 


Qe 


as tH 
4 


Qa 


BORROW 
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- 7040192BP, TC40193BP 





RECOMMENDED OPERATING CONDITIONS (Vss=OV) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage 


Jlout |] <1l#A 
Vin=Vss,VppD 


Low-Level Tout! <1#A 
Output Voltage Vin=Vss; Vpp 


Vin=Vss,Vpp 


VIN=Vss,VpD 


VouT=0.5V, 4.5V 
Input High VouT=1.O0V, 9.0V 
ponegee Vour=1-5V,13.5V 


VoutT=0.5V, 4.5V} 5 
Input Low VouT=1.0V, 9.0V] 10 
vent aes Vour=1-5V,13.5V| 15 
IToyr | <14A 
my . 
get TyH\|Vrp=Lls8v 18 
ill Wa 
Level TIL|VIL=OV 
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STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC TEST CONDITION [Vpp 72 © 1 
) MIN. 


Quiescent Device 


Inn |lVtw=Vee.V 
ee pD!Vin=Vss.Vpp 





x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cy=50pF) 


CHARACTERISTIC SYMBOL 


Output Transition Time : 
(Low to High) TLH 
Output Transition Time t 
(High to Low) THL 
Propagation Delay Time 
pag a eye 
aes UP, _ Q 
CLOCK DOWN EpHL 





Propagation Delay Time ‘ 
(RESET — Q) pHL 
|Propagation Delay Time tpLH 
(PE - Q) tpHL 
Propagation Delay Time 
(CLCOK UP CARRY, _) "pLH 
CLOCK DOWN —- BORROW tpHL 
Propagation Delay Time . 
pag oe y tpLH 
(RESET, PE — BORROW, t 
CARRY) pHL 
Min. Clock Pulse Width 
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TC40192BP, TC40193BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=OV, CL=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION Vpp (V) MIN. YP UNIT 


A 





















5 100 480 ; 
Min. Pulse Width ew 10 40 300 
(RESET) 
| 15 ‘oD 260 ais 
5 80 240 
i lai Width ephe 10 30, 170 
ee) 15 25 | 140 
. 5 1 2 
Max. Clcok Frequency Fez, 10 Aen 5 MHz 
15 365 7 
{Max. Clock Input Rise | ‘ 5 20 
Time. rCL 
Max. Clock Input Fall tec z oe ae 
Time. 15 1 
Min. Removal Time 
Crem 


(RESET, PE - CLOCK) 






b+ fe 
Ur 1O» kn 


Input Capacitance 





Jc ee 
WAVEFORM 1 


CLOCK UP, 
CLOCK DOWN 
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TC40192BP, TC40193BP 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 2 WAVEFORM 3 
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=S> 10645 07 BP C’MOS DIGITAL INTEGRATED CIRCUIT 
= SILICON MONOLITHIC 





TC4501BP TRIPLE GATE (Dual 4-Input NAND Gate and 2-Input NOR/OR Gate or 8-Input 
AND/NAND Gate) 


The TC4501BP is a combined gate which contains 
dual 4-input NAND gate and 2-input NOR/OR gate in one 
package. 
















Since all the outputs of these gates are provided 
with the buffers of inverters, the input/output trans- 
mission characteristics have been improved and the 
noise immunity has been elevated. Further, an increase 
in propagation delay time caused by an increase in 
load capacity is kept to a minimum. 





The TC4501BP can be used as 8-input positive AND/ 
NAND gate by externally connecting the output of NAND 
gate to the input of NOR/OR gate. 


DIP16(3D16A-P) 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC {SYMBOL ' RATING 
DC Supply Voltage Vss - 0.5 ¥Vss +20 
VIN . 






PIN ASSIGNMENT 





Input Voltage | Vin | Vss -0.5 VYpD+0.5 
Output Voltage Vout | Vss—~0.5 ¥Ypp+0.5 
Operating T ore 

Temperature Range oes 

Storage 

Temperature Range -65 ~ 150 Sa | 


Lead Temp. /Time 


(TOP VIEW) 
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TC4501BP 





RECOMMENDED OPERATING CONDITIONS (Vgg=0Vv) 


STATIC ELECTRICAL CHARACTERISTICS (Vgs= ce gee 


ee a 
High-Level I <1luA oe 95 - v5 = 00 if 
2 Ven: |. OUrl tt 9.95 9.95|10.00 9. 
Vin=Yss> Yop 14.95 14.95|15.00 


Output Voltage 
0.05 0.00 | 0.05 


0205 0.00 | 0.05 
0.05 0.00 | 0.05 

































Low-Level 
Output Voltage 





l[Lour| <luA 
Vin=Yss» Vpp 












Von=4 e. 6V 
Vou=2.5V 





Output High 





TOH VoH=9.5V 
Vou=13.5V 


Vin=Vss,» Vpp 


Voi =0.5V 
Vo,=l.5V 






Current 


















Output Low 





Current 


Vin=Vss> VpD 
VoutT=0.5V, 4.5V 

















Input High q 
y VouT=1.0V, 9.0V 10 

TH 
Voltage Voyt=1-5V,13.5V 15 





|Tour|<luA 


VouT=0.5V, 4.5V 
VouT=1.0V, 9.0V 













Input Low 


Quiescent 


Device Current 


* All valid input combinations. 
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TC4501BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cy=50pF) 


CHARACTERISTIC oe TEST CONDITION Vpp Me pass Pree Tu UNITS 


Output Transition ‘Time 


(Low to High) 










50 







bs HR 

So uw) US 
> 
oO 
























|} Output Transition Time . 80 
t 50 
(High to Low) THL i in 
Propagation Delay : 5 80 
(Low to High) pLh - . 
Propagation Delay 2 80 
, t 10 50 
(High to Low) pHL fe 
Propagation Delay 5 100 
: 10 50 
(Low to High) pL is . 
Propagation Delay =) 100 
COHL 10 50 
(High to Low) af iG 
a Propagation Delay Time 5 | 
a t 
: (Low to High) pLH = 
§ : 
| Propagation Delay 
5 t DHL 10 
2, (High to Low) a 
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TC4501BP 





CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


CIRCUIT WAVEFORM 


OUT PUT 


OUTPUT 
PUD oe 


| GENERATOR 
INP UT 


OUTPUT 
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Ih 


MM 


1645 O2BP C’MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4502BP STROBED HEX INVERTER/BUFFER 


The TC4502BP is a strobed hex inverter/buffer with 
3-state output. When DISABLE input is set to "H" 
level, six outputs become high impedance independent] 
of the other inputs/when DISABLE input is set to "L" 
level and INHIBIT input "H" level, all the outputs go 
to "L" level. 

Further, since each output is capable of directly 
driving one standard TTL, the TC4502BP is suited for 
a bus interface, a data transmission circuit, a 
multiplexer, etc. 











MAXIMUM RATINGS 












CHARACTERISTIC SYMBOL RATING 
DC Supply Voltage _ Vsgs-0.5 ~Vsst20 
VIN Vss-0.5 ~ Vppt0.5 






UNIT 
V 
















Input Voltage 









Output Voltage Vout | Vss-0.5 ~Vppt0.5 











DC Input Current 











Power Dissipation 


Pp 
Operating Temperature} © 

TA 
Range 
storage Temperature 7 
Range Ste 


Lead Temp./Time 










260°C + 10 sec 





CIRCUIT DIAGRAM 


1/6 TC4502BP 


3-State 
OUTPUT 
DISABLE 


INHIBIT 





TRUTH TABLE 


INHIBIT] Dn _| Qn 
L 















HZ: High impedance 











. pe | 


* +: Don't care 











“EE 
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DIP 16(3D16A-P ) 


PIN ASSIGNMENT 


Dg 

Q3 

Dy 
34-State 


OUTPUT 
DISABLE 


Qi 
De 
Q2 


Vsg 





INHIBIT 
Q5 
D4 
Q4 


(TOP VIEW) 


LOGIC DIAGRAM 


3-State 
OUTPUT 
DISABLE 





TC4502BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0v) 


CHARACTERISTIC SYMBOL 


DC Supply Voltage 
Res 


STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 





lIoyt|] <l#A 
Vin=Vss;>VpD 


Low-Level IIoyut!<14A 


Output Voltage Vin=Vss>,Vpp 


Output High - 
Current Tou| VoH=9.5V 
Vou=13. 5V 


VIN=Vss, VDD 


ae 3 
a. 
tc 


Vin=Vss;VppD 


VouT=0.5V, 4.5V 


Input High 
Voltage 


Vout=0.5V, 4.5V 


Input Low VoutT=1-O0V, 9.0V 
VoxraEe Vout=1.5V,13.5V 


Input 
Current 
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TC4502BP 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 





* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, Cy=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION rem] me |r| te 




















80 200 
Output Transition Time 
(Low to High) TLH a av meee 
15 30 80 
ns 
5 80 
Output Transition Time : 
(High to Low) °THL ~~ 
LS 
_) 
Propagation Delay Time 
(DATA, INHIBIT - Q) | ‘PLH m0 
15 
. -_) 
Propagation Delay Time 
(DATA, INHIBIT - Q) | "PHL =o 
. 15 


Three State Disable 
Time 
(DISABLE —- Q) 


| 5 
tpHZ RL=1ka 10 
15 

5 

tpZH Ry=Llka 10 
15 


Three State Disable 
Time 
(DISABLE —- Q) 







Three State Disable 
Time 
(DISABLE —- Q) 
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TC4502BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=OV, CL=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION a 
250 


Three State Disable oy 
RL = 1ka 30 110 ns 


Time 
DISABLE 










(DISABLE - Q) 








Input Capacitance 


INHIBIT 
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A 


TC4503BP/BF C’MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC | 





TC4503BP/TC4503BF HEX NON-INVERTING 3-STATE BUFFER 


TC4503BP/BF contains six circuits of non- 
inverting buffers having three state output. 


Since DISABLE inputs to disable the outputs are 


provided separately, one common for four circuits and 


another common for other two circuits, this is suit- 


DIP16(3D16A-P) 


able for controlling four bit data lines. 
Large output current enables to directly control one 


TTL input. i 





MFP16(F16GC-P) 


ABSOLUTE MAXIMUM RATINGS 


IN 
A 





PIN ASSIGNMENT 


VOUT 
VpD 


DISABLER 


V 

V 
oor 
> 


(TOP VIEW) 





TRUTH TABLE 


ISABLE INPUT 
oe 


* +: Don't care 


HZ: High Impedance 
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TC4503BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=0v) 


STATIC ELECTRICAL CHARACTERISTICS on 


High-Level | Iout|<1yA 4.95 4.95] 5. 
9.95 9.95]10. 
Output Voltage Vin=Vss> Vpp 14.95 14.95|15. 


Low-Level |Iour}<1ua 
Output Voltage Vin=Vss, Vpp 







Output High 
Current 


Vin=Vss, Vpp 


Output Low 


Current 


J¥out=0.5V, 4.5V 
Input High Vour- 1,0V, 9.0V 
Voltage 


VoutT=0.5V, 


Input Low VouT=1.0V, 9.0V 


Voltage VouT=1.5V,13.5V 


| Tour|<1yA 


my 
Current VqL=0V 
- \WouT=18V 


Quiescent 


Device Current 





* All valid input combinations. 
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1C4503BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CL=50pF) 7 


| CHARACTERISTIC SYMBOL | TEST CONDITION [| ypp(v) | MIN 


5 
tTLH 10 
15 
| 5 
CTHL 10 
5 
5 
t 10 
pLH 

15 
5 

pHL 


a. « 
35 
70° 
40 







Output Transition Time 










(Low to High) 


|Out put Transition Time 
(High to Low) 





Propagation Delay Time 
(IN - OUT) 


Propagation Delay Time 
(IN - OUT) 


MNwUlE Nw RlYON BILE PN] EN wo 
WTOoolmwnwslounnlownunluoodo 















Three State Disable Time 
(DISABLE - OUT) 



























Three State Disable . 
(DISABLE - OUT) 30 
Three State Disable # 
(DISABLE — OUT) 30 
; 70 
Three’ State Disable 35 
(DISABLE - OUT) 30 





Input Capacitance 


- WAVEFORM 2 


DISABLE 
INPUT 


OUTPUT 


— OUTPUT 


OUTED S 





336 


C’MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4508BP DUAL 4-BIT LATCH 


TC4508BP contains two independent circuits of latches 
having output disable function and clear function. 
When STROBE input is "H'', the data input appears at 
the output as it is and if STROBE input is changed 
from "H" to "L", the output retains the data input 
existed at the time of falling edge of STROBE. 

When STROBE is "L", the outputs are not affected by 
DATA inputs. 

If RESET input is set to "H", Q outputs are cleared 
to "L" level regardless of STROBE. If DISABLE input 
is set to "H", Q outputs have high impedance 
regardless of other inputs. 




















ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 


DC Supply Voltage Vss-0.5~Vgst+20 
Vss-0.5~Vppt0.5 
Vss-0.5~Vppt0.5 
= 10 























Input Voltage 




















Output Voltage 


DC Input Current 





Power Dissipation 








Operating Temperature 
Range 
















Storage Temperature 
Range 


Pe | wee fe 
[ror | 2606 = tosee 
LOGIC DIAGRAM | 


MASTER 
RESET 








Lead Temp. /Time 


DATA O 


, 


TC4508BP 
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TC4508BP 





MASTER 
RESET 


STROBE 
DISABLE 

Do 

Qo 

Dj. 

ae 

be 

Q2 

Dg 

Qs STROBE 


m MASTER 
RESET 


(TOP VIEW) 
TRUTH TABLE 
DATA INPUTS | OUTPUTS 


EE am 
= [= [= |» | strom 
ago CeT 


% >’ Don't Care 


HZ : High Impedance 


i 


TC4508BP _ 





RECOMMENDED OPERATING CONDITIONS (Vsg=0V) 


CHARACTERISTIC SYMBOL 





DC Supply Voltage 
a ae a 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


| SYM- 
CHARACTERISTIC 





Low-Level 
Output Voltage 


Output High 
Current 


VIN=Vss, VDD 


Output Low 
Current 


Vout=0.5V, 4.5V 
VouT=1.0V, 9.0V 
Vout=1.5V,13.5V} 15 


}Iout! <14A 


| ‘ Wyte 
Pavel Ipy|VrpH=18V 18 
np : | 
Level Fi) EL OV ? 


Input Low — 





; 
VoutT=0.5V, 4.5V 
Input High Vig Voyt=1.0V, 9.0V 
HOEEaEe Voyr=1.5V,13.5V 
| Tout! <14A 
E 
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TC4508BP 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


cee TEST CONDITION |Vpp 08 
o a ae ele 
i 
Level Ip. | VouT=0V 18 -~0.4 


5 5 0.005 
Ipp|VIn=Vss,Vpp 0.010 
# 0.015 


* All valid input combinations. 
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, Cy=50pF) 












(oe) 
oa 

° 
OQ 


ee a rs 

No No ° 
EzENit 
> 








CHARACTERISTIC UNIT 


K< 


X IN: 


NO 

(nt 

° 

| QO 
= 
> 


o © 
S 5 Nn ~ a e 


= 
-) 
> 


| 
be 


O- 


he 
nn 
© 






Quiescent Device 


A 
Current i 





CHARACTERISTIC | syn TEST CONDITION Vpp (V 


Wn 
Ww 


a 
Z 


Output Transition 
(Low to High) 


a 
© 


Output Transition 
(High to .Low) 


Propagation Delay 
(STROBE - Q) 


Propagation Delay 
(DATA — Q) 


Propagation Delay 
(RESET - Q) 


Three State Disable 
Time . 
(DISABLE —- Q) 


Three State Disable 
Time 
(DISABLE —- Q) 
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-T¢4508BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vsg=OV, CL=50pF) 





Three State Disable 
Time . 
(DISABLE — Q) 


Three State Disable 
Time 
(DISABLE — Q) 


|IMin. Pulse Width 
(RESET) 


Min. Pulse Width 
(STROBE) 


Min. Set-up Time 
(DATA - STROBE) 


Min. Hold Time 
(DATA - STROBE) 


WAVEFORM 1 


STROBE 
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TC4508BP 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 2 WAVEFORM 3 


WAVEFORM 4 


DISABLE 
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10451 OB P/BF CMOS DIGITAL INTEGRATED CIRCUIT 
\ | SILICON MONOLITHIC 


TC4510BP/TC4510BF PRESETTABLE BCD UP/DOWN COUNTER 


TC4510BP/BF is UP/DOWN decade counter having 
asynchronous RESET and PRESET functions. 
When RESET input is set to "H" level, the content of 
counter is reset to "0" and when RESET is set to "L" 
and P.E. to "H", inputs Ayzy through DIn are preset to 
the counter. 

If TC4510BP/BF's are connected in cascade using CARRY 
INPUT and CARRY OUTPUT, decimal counter of N digits 
with the parallel carry capability can be composed. 
Switching of counting up or down is achieved by UP/DOWN 
INPUT. The counter advances its counting condition at 
the rising edge of CLOCK. 


HI 





















ABSOLUTE MAXIMUM RATINGS 








CARRY IN 
Operating Temperature 


Range 


Storage Temperature 
Range 


Lead Temp./Time 


~ LOGIC DIAGRAM 


Aout 
CARRY OUT 


ao roa fF WA AN 





(TOP VIEW ) 





DouT CARRY OUT 


PRESET 
ENABLE 


RESET (9) 


CLOCK 45) 


CARRY _ 
IN 
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TC4510BP/BF 





TRUTH TABLE 


ee ee 


DOWN COUNT | 


* Don't care 





TIMING DIAGRAM 


CLOCK 
= Cr in 
UP/DOWN 


SE 
CECT 


PRESET HNABLE 


D eee 


AQUT 
af 
. inet iat tt tet 


AT 


Court 
ane 
Dout 
ellie 


CARRY OUT 


COUNT 
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1C4510BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 


| CHARACTERISTIC SYMBOL 
DC Supply Voltage pees 





Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vsgs=0V) 


Vin=Yss> Ypp 


Low-Level 
jOutput Voltage 


Vin=Vss» Vpp 


VoyuT=0-5V, 4.5V 
Input High Vout=l-OV, 9.0V 
Voltage Vout=l-5V,13.5V 
Vout=0-5V, 4.5V 
Input Low VouTt=l-.OV, 9.0V 


Voltage VouT=1.5V,13.5V 


| Iour|<1pA 
my" I Gace au 18 
Input Level a TH 
Current npn 
I V+7 =O0V 
a 


{Quiescent = 
Device Current “ 


* All valid input combinations. 


15 
5 
10 
15 
5 
5 
10 
15 
5 
10 
15 
5 
10 
15 
15 


Vin=Vss» VDD H 
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TC4510BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, os) =0V, CL=50pF) 


Output Transition Time 
(Low to High) 


Out put Transition Time 
CTHL 

(High to Low) 
Propagation Delay Time t pLH 
(CLOCK-A,B,C,Doyt) t pHL 
Propagation Delay Time toLH 
(CLOCK-CARRY OUT) tpHL 
Propagation Delay Time : 
(PRESET ENABLE, a 
RESET-A, B,C, Dour) pal 














Propagation Delay Time tpLH 
(PRESET ENABLE, tpHL 
RESET-CARRY OUT) 

Propagation Delay Time CpLH 
(CARRY IN — CARRY OUT) tpHL 

Max. Clock Frequency 


Max. Clock Input Rise 

Time tre 
Max. Clock Input Fall 

| Time 











Min. Clock Pulse Width 
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TC4510BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C Vgg=OV, C,=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION Vpp (V) MIN. 


Min. Pulse Width 
(PRESET ENABLE, RESET) 










_ 






Min. Set-up Time 
(UP /DOWN-CLOCK) 








om 
wm a wa Om 


Sei pe 
nw Oo 
wo 
=) 
Ww Wan 
So Oo 6 
3 
wn 





Min. Hold Time 
(UP/ DOWN-—CLOCK) 






ct 
Wh 
on 
be 
wi oO 








13 150 
35 60 
23 45 





Min. Set-up Time 





(CARRY IN-CLOCK) 






| 5 
toy 10 
136 

5 

ty 10 

| 15 


tcy 10 
15 





Min. 





Hold Time 





(CARRY IN-CLOCK) 






35 70 
15 30 
10 20 








Min. Set-up Time 
(A,B,C,D-PRESET ENABLE) 










Hold Time 
(A,B,C,D-PRESET ENABLE) 


Min. 





15 






Min. Removal Time 150 






(PRESET ENABLE, 
RESET-CLOCK) 


Input Capacitance CIN 





A Re) 






ct ct 

a] a) 

© 

=| 

ee. bs 

Ou Sn 

mo alae 

ee ie Oo 
oO CC ~~ LL] sw 
oOo So O° Oo 


= 
Nn Si) 
~w 
oa 
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TC4510BP/BF 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 20n8 20ns 
/ 90% . 90% 
CLOCK j 508 - 
tTLH 
F 90% 
A,B,C,Doyrq ] 50% 


10% 


ri CoLH 


CARRY OUT 





WAVEFORM 2 WAVEFORM 3 





PRESET ENABLE, 











RESET CARRY IN 
A,B,C, Dout 
CARRY OUT CARRY OUT 
WAVEFORM 4 S6us WAVEFORM 5 ae 
CARRY IN UP.“DOWN 
CLOCK CLOCK 
WAVEFORM 6 z0ns WAVEFORM 7 20ns 
A,B,C,Dqy PRESET ENABLE, 
RESET 
PRESET ENABLE CLOCK 


aoe 
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NN 


|Range 


[ee [BT LT | po 


T64511BP/BF | CMOS DIGITAL INTEGRATED CIRCUIT 
we | SILICON MONOLITHIC 


TC4511BP/TC4511BF BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 


TC4511BP/BF is decoder which converts the input 
of BCD code into the 7 segment display element driving 
signal and the output has complementary connection of 
NPN bipolar transistor and N-channel MOS FET. There- 
fore, not only capability of directly driving cathode 
common type LED, this has capability of driving harious 
display elements with simple interface circuits. | 
LT input and BI input are to force all the outputs to 
be "H'" (illuminated) and "L" (not illuminated) res- 
pectively regardless of BCD input. As the latch con- 
trolled by common LE input is inserted in each of four 
input lines, static display of dynamic information can 
be achieved. When an invalid BCD input, "10" or higher 
is applied, all the outputs become "L" (not illuminated). 























Vog-0.5 UV Vppt0.5 
- Vgs-0.5 4 Vppt0.5 
Itn +10 
Power Dissipation mW 
Peau Temperature oC 
a ©, 





|Storage Temperature | ~65150 








TRUTH TABLE 


oO 

G 

Par 

| pS 

CG 

Ea : 
Oo 


al 





=| 


PEPER PP 
PERF EFF ET 
FEPEFFEFEE 
[=| 
FE 
5 












H L H H 
Fr 
; 
: 
i +[ete[e> ae 





S4&.DEPONDS UPON ‘THE BCD CODE . 
PREVIOUSLY APPLIED WHEN IE "4" 


€ 
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TC4511BP/BF 





LOGIC DIAGRAM 


a 


ay 


Y 

Y 
mer me ean ese | Daca (oe | 
eeanee | Gene & eee aes | ee es 


oe 


_¥ 
AY 


HM 
Y 
af 


S| 
"TN 


Tt 
Ht 


i 





" 





RECOMMENDED OPERATING CONDITIONS (Vgs=0V) 
CHARACTERISTIC 








DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 





° 
CHARACTERISTIC |SYMBOL | TEST CONDITION |YDD ee ee ee 
ce a 
High-Level I Zour |<1uA . 4.1 ; 
}Output Voltage Veu=¥ [ | 2. 9.1 ‘ 
IN-*SS» "DD ; 14.1 [14.41 








| Low-Level IZour|<1uA ) 
Output Voltage VinzVsss Vpp | - 
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TC4511BP/BF - 





STATIC ELECTRICAL CHARACTERISTICS (Continued) 


C 


Output High 
Voltage 


Voyr=0 OV 9 4. 5V 


Input High Vopr=1- OV, 9.0V 
Vout=1 ° 5V, 13.5V 


Vout=9 eV 9 4.5V 
Vout=1 OV 3 9.0V 
VouT=1.5V, 13.5V 


Quiescent 


Device Current |- * 





* All valid input combinations. 
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TC4511BP/BF 





DYNAMIC ELECTRICAL rr (Ta=25°C, Vss= eV; CL=50pF, Rp=1l0k2) 








e ° e -) 80 | 
Output Transition Time 
CTLH 10 60 
(Low to High) 15 50 
Output Transition Time t 2 a 
THL 10 100 
(High to Low) 15 80 
Propagation Delay Time + : pri 
pLH 10 
(DATA - OUT) 15 
Propagation Delay Time Fe iow 
(DATA - OUT) 15 300 
Propagation Delay Time - oh 
(BI -— OUT) 15 200 
Propagation Delay Time 2 note 
a. 10 : 260 
(BI - OUT) 15 200 
Propagation Delay Time A seo feta 
(LT - OUT) 15 100 
Propagation Delay Time - os 
(LT - OUT) 15 100 
) 600 
Propagation Delay Time 10 300 
(LE - OUT) 15 250 
5 0 600 
Propagation Delay Time 10 300 
(LE -— OUT) | 15 250 
; : 5 300 
Min. Pulse Width | tun ~ 10 150 
(LE) 15 120 
5 : 150 
‘Min. Set-up Ti 
| in. Set-up Time toy 10 70 
, (DATA - LE) 15 40 
5 
.|]Min. Hold Time 10 
(DATA - LE) 15 
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TC4511BP/ BF 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





WAVEFORM 1 WAVEFORM 2 
2008 20ns 


WAVEFORM 4 
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TC4514BP, TC4515BP 





TRUTH TABLE 


DATA INPUT 
INHIBIT 


DATA | DATA? | DATA3 | DATA, 







SELECTED OUTPUT 
TC4514BP - "H" 
TC4515BP - "L" 















o STROBE=""H" ; See Truth 
table 
L 


L L 





o STROBE="L" 

; Outputs hold the 

data when STROBE 
goes "LOW" 


tare Tn 
STROBE 


LATCH POINT 









57 









o «Don't care 


ep 
\O 
© 


kr 


S 
S11 
S12 
513 
S14 


S15 


F TC4514BP-ALL OUTPUTS "L" 
, TC4515BP-ALL OUTPUTS "H" 


fede ee lldceey & 
js f=lclefe l= [+ e|-lel|=|-|=]- - 
+ =l=|-lefel= lee] =|-[l=l= 





ep) 
ee) 





RECOMMENDED OPERATING CONDITIONS (Vgs=0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage 


High-Level STOUT = tan 
Output Voltage OH ViIn=VsSs;Vpp 


|}lout |] <14A 


Low-Level Vv 
Output Voltage OL Vin=Vss,Vpp 
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TC4514BP, TC4515BP 





STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


SYM— -40°C 
CHARACTERISTIC TEST CONDITION |VpD 
BOL (V) | MIN. 


VoH=4. 6V 


Vop=2.-5V 


15 


Input High 
Voltage 


VouT=0.5V, 4.5V 
Input Low VouUT=1.0V, 9.0V 
VOLEaEe Vour=1.5V,13.5V 


IIoyt! <14A 


my 
. ITH| VrH=L8V 18 
tisut Level 
Current npn 
Level TIL VIL-OV 


uiescent Device 
poe VIN=Vss VDD 
* 


*x All valid input combinations. 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC SYMBOL|TEST CONDITION 
Vpp (V) 


5 
Output Transition Time ae 10 
15 


(Low to High) 
358 


MIN. 






TC4514BP, TC4515BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cr=50pF) 


5 
| fete 
15 
‘ 5 
pLH 
CpHL 
5 150 
10 65 
15 50 
eed 


















Output Transition Time 
(High to Low) 


Propagation Delay 















Time 10 

(STROBE, DATA - Sn) 15 80 
Propagation Delay CpLH 
Time b 

(INHIBIT - Sn) pHL 





Min. Pulse Width 
(STROBE) 





3 
10 
L5 





Min. Hold Time 
(DATA - STROBE) 


Input Capacitance 


10 70 “ns 


5 
twH 10 
15 
” a 
IN 


WAVEFORM 1 


WAVEFORM 2 


INHIBIT 
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TC4514BP, TC4515BP_ 


WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS - 


WAVEFORM 3 


2£0n8s 
2 : i. 90% 
DATA x 50% 
Y 10% 
c0ns 20ns 
| Fis 90% 
STROBE | Fj 50% 
10% 110% 
_tsy_ 
Sn 50% 
li UpLH 
Sn 50% 
tpHL 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4516BP/BF 


in 





TC4516BP/TC4516BF PRESETTABLE BINARY UP/DOWN COUNTER 


TC4516BP/BF is UP/DOWN 4 bit binary counter having 
asynchronous and PRESET functions. 

When RESET input is set to "H'" level, the content of 
counter is reset to "0" and when RESET is set to "L" 
and P.E. to "H", inputs ATV through D{nN are preset. 
into the counter. 

If TC4516BP/BF's are connected in cascade using CARRY 
INPUT and CARRY OUTPUT, 4x N bits binary counter with 
parallel counter can be composed. 

Switching of counting up or down is acheved by UP/DOWN 
input. The counter advances its counting condition at 
the rising edge of CLOCK. 


















ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 


DC Supply Voltage V Ves-0.5 v Vggt20 
V 
P 


DD 
IN Voc-0.5 1 Vppt0.5 
Tin 
D 
Ta 
Tso1 





V 






























Input Voltage 





Output Voltage 
DC Input Current 


a 
V 
V 








Power Dissipaation 300 (DIP) /180 (MFP) 


Operating Temperature * 
Range 













Voo-0 <ow Vppt0 a5 
Storage Temperature Tste | - 265156 Te 
Range 


Lead Temp./Time | Tsoi 260°C + 10 sec 


LOGIC DIAGRAM 





PRESET 
BNABLE 


& 
So eae” 
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dl; 


MFP16(F16GC-P) 


PIN ASSIGNMENT 


PRESET g 


ENABLE 
Dout 
Din 
AIN 


CARRY IN 


Aout 


CARRY OUT 


Orta oF WA NY EF 


(TOP VIEW) 





VpD 
CLOCK 


Cout 


B CIN 


BIN 
Bout 
uP. DOWN 
RESET 





TC4516BP/ BF 





TRUTH TABLE 


CARRY IN iN UP/DOWN PRESET ENABLE RESET FUNCTION 


ae [30 cone 
re wr come | 
ae pore count 
ner ase 
ea [reser 


* Don't care 





TIMING DIAGRAM 


COUNT 5. 6. % 8 9 20 JLie 43 14 15 9 8 YY 6° 5 4: '°3 & 1:0 -0 25-9 


CLOCK 
ee aL 
UP/DOWN TT 

mm TTT TEP 


ng 
Fe ae - 











‘ AOUT 


Inn co)” 
oor 
2 EE CHEER CRD 





Cour 


om LPP Te E 
es af aA 











CARRY OUT 
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TC4516BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


[CHARACTERISTIC —_[_SYMBOL | Se ee 
DC ee Voltage ee ee ee ee 
Input Voltage ee ee 
STATIC ELECTRICAL CHARACTERISTICS at ae 


CHARACTERISTIC |SYMBOL| TEST CONDITION ae UNIT 


lout | <1lyA 5| 4.95 4.95] 5. 4.95 

Hich- | 

ister 10] 9.95 9.95110. 9.95 
5 114.95 1495/15: (495 
















Output Voltage Vin=Vss;Vpp 


Low-Level | Tout | < luA 


Output Voltage Vin=Vss>Vpp 





Vou=4- 6V 


Output High WOHE272V 
Vou=? ° 5V 


VoH=13.5V 


Current 


VIN=VSS, VDD 


Output Low . 


Current 


Vout=0.5V, 4.5V 
Input High Vout=1.0V, 9.0V 
Voltage Vopr=l.5V,13.5V 





Zour! <1uA 





VouT=0.5V, 4.5V 
Input Low VouT=1.0V, 9.0V 
Voltage Vout=1.5V,13.5V 


Viy=18V 
Input 
Current 

VIL=OV 


Quiescent 0.005 
Device = F 0.010} 10 
Current # 0.015] 20 


* All valid input combinations. 
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~_TC4516BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS. 


CHARACTERISTIC SYMBOL | - TEST CONDITION vp] MIN. | tv. | max. UNIT 


Output Transition Time fe : 
(Low to High) ae - 
ip | 15 
| 5 
Output T iti vA 
utput Transition Time] 1.7 10 
(High to Low) | | 15 
Propagation Delay Time| tpLH 10 
(CLOCK-A, B 9 C 9 DouT) CpHL 15 
e | 5 
ropagation Delay Time} tpLu 
reer ewe ees 10 
(CLOCK-CARRY OUT) t pHL 
CpLH 
EPH 


15 
EpLH 
CpHL 
























ns 





Propagation Delay Time 


(PRESET ENABLE, 
RESET-A,B,C,Doyr) 





| Propagation Delay Time 
(PRESET ENABLE 
RESET-CARRY OUT) 






Propagation Delay Time 
(CARRY IN - CARRY OUT) 


Max. Clock Frequency Zz 


Max. Clock Input Rise 
Time 

Max. Clock Input Fall 
Time , 


S 





Min. Clock Pulse Width 


ns 






Min. Pulse Width 
(PRESET ENABLE, RESET) 


a 
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TC4516BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=O0V, Cy=50pF) 


CHARACTERISTIC SYMBOL Vpp(v) UNIT 
5 75 360 


Min. Set-up Time 














eee t 
(UP /DOWN-CLOCK) SU 
Min. Hold Time ey 
(UP /DOWN-CLOCK) 
Min. Set-up Time toy 
(CARRY IN - CLOCK) 
Min. Hold Time ty 


(CARRY IN - CLOCK) 


|Min. Set-Up Time j 
(A,B,C,D-PRESET ENABLE)} SU 


|Min. Hold Time 
| (A,B,C,D-PRESET ENABLE)| *H 


'Min. Removal Time 


| (PRESET ENABLE, 
| RESET-CLOCK) 


| Input Capacitance 
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160 














1C4516BP/BF 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 


' “ OLOCK 


A,B,C,Doyt 


CARRY OUT 


WAVEFORM 2 


PRESET ENABLE, 
RESET 


A,B,C,Doyt, 
CARRY OUT 


WAVEFORM 4 


CARRY IN 


CLOCK 


WAVEFORM 6 


A,B,C,Dry 


PRESET HNABLE 
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WAVEFORM 3 


CARRY IN 





CARRY OUT 


WAVEFORM 5 


UP/DOWN 


CLOCK 





WAVEFORM 7 





PRESET ENABLE, 
RESET 


CLOCK 


cewos oicirat nrecrateD cRcUT TEARISBP/BF TC4520BP/BF 


| 


HAA 





TC4518BP/TC4518BF DUAL BCD UP COUNTER 
TC4520B0/TC4520BF DUAL BINARY UP COUNTER 


TC4518BP/BF and TC4520BP/BF are up counters of BCD or 
4 bit binary. 

Since both of TC4518BP/BF and TC4520BP/BF contain two 
independent circuits of counters with the same 
functions in one package, counting or frequency 
division of two BCD digits or eight binary bits can 


be achieved with one IC. The counters can be reset 
to "0" (Q0.Q3="L") by giving "H'" level signal to 
RESET input regardless of other inputs. 

The counting condition is changed by the rising edge 
of CLOCK input if ENABLE="H" or by the falling edge 
of ENABLE if CLOCK="L". 





MFP16(F16GC-P) 





ABSOLUTE MAXIMUM RATINGS 


PIN ASSIGNMENT 


CLOCK A 
HNABLE A 
QO A 
QlLA 
Qe A 
Q3A 
RESET A 


oO wnt DMD Ww a WwW no 


Vgs 





(TOP VIEW) 





LOGIC DIAGRAM 





1/2 TC4518BP/BF TC4520BP/BF 


CLOCK ENABLE RESET CLOCK BNABLE RESET 
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TC4518BP/BF, 1C4520BP/BF 





TIMING CHART 


TC4518BP/BF 


Oy byes 4 oc6a% 7642 104s aye soa aD ce a Fale 


nr 
Saangigipagee ie 
HTH re oot qt 


TC4520BP/BF 


O71 Lay by S77 S764 EE eo Or hyd ik iS 1415) 0); 1), %) 2) 8) 2%) 0 


Cael 
7 Han aii 


: Le HHT Cet nlite 
. nll SSneeeeeeeeae 


RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 


[caamoteerstre | swmot | ——SC~Ssd IN] 
po Supply Voltage | Yo [3 
Oe 


input Voltage 
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TC4518BP/BF, TC4520BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


~40°C 25°C 85°C | 
CHARACTERISTIC | SYMBOL| TEST CONDITION VpD UNIT 
ceasacrenistic | spo MIN, sont 

















High-Level 


Output Voltage 


Low-Level 


Output Voltage 









Voy=2-2V 
VoH=9.5V 
Voq=13.5V 





Output High 





Current 





|} Output Low 


Current 













Vin-Vss» VYpp 
VoyT=0-5V, 4. 
Vout=1.- OV, 9.0V} 


VoutT=1-.5V,13. 


Input High 
Voltage 





Voyt=0+5V; Lie 
Voyt=t -OV 3 9 -OV 
Vout=L ~OV 9 HO 


| Input Low 


Voltage 








Current mpm 
I 
E15 
Level 


Quiescent 


Device Current 


U 
wn 





* All valid input combinations. 
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TC4518BP/BF, TC4520BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=O0V, =e 


Output Transition Time 


Propagation Delay Time 


(CLOCK, ENABLE ~ Q) | 


Propagation Delay Time 


(RESET - Q) 


Max. Clock Frequency 


Max. Clock Input Rise/ 
Fall Time 


Max. Input Rise/Fall 
Time 
(ENABLE) 


Min. Clock Pulse Width 


Min. Pulse 


(ENABLE) 


Min. Pulse 


(RESET) . 


Min. Removal Time 


Input Capacitance 
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TC4518BP/BF, TC4520BP/BF 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 


BNABLE 


WAVEFORM 2 


ENABLE, 


CLOOK 





APPLICATION CIRCUIT 


(1) RIPPLE CARRY UP COUNTER 





TC4518BP/BF, 1C4520BP/BF 





APPLICATION CIRCUIT (Continued) 





(2) PARALLEL CARRY UP COUNTER 


TC4518BP/BF 


eam ENABLE 
| jo CLOCK 


ee 


CLOCK O-€} 
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C’MOS DIGITAL INTEGRATED CIRCUIT 10451 OBP 
SILICON MONOLITHIC 





TC4519BP 4-BIT AND/OR SELECTOR 


The TC4519BP is a combined gate available as 
4-bit AND/OR select gate, quad 2-channel data selector 
or quad exclusive-NOR gate according to the conditions 
of two control inputs A and B. 


Since all the outputs are provided with the 
buffers of two-stage inverters, the input/output 


transmission characteristics have been improved and 
the noise immunity has been elevated. Thus, as in- 
crease in propagation delay time caused by an increase 
in load capacity is kept to a minimum. 


DIP1 6(3D16A-P) 





ABSOLUTE MAXIMUM RATINGS 


ar |e 






































DC Supply Voltage | Vpp Vss -0.5 ~Vsg +20 V 
Input Voltage VIN Vgs -0.5 ¥YDD+0.5 V 
Output Voltage Vout | Yss-0.5~YppD+0.5 V 
(DC Input Current LIN +10 
Power Dissipation | PD 7 3007 
Operating T 2. fA 
[Temperature Range |” ee : 

| Storage 

Temperature Range Tst¢g -65 ~ 150 °C 
Lead Temp. /Time Tso1 260°C * 10 sec | 








= X,(C Exclusive—NOR) Yy 


Xn Yn+Xn° Yn 
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TC4519BP 





RECOMMENDED ORERALING CONDITIONS (Vgg=0V) 


a 
[oe Suppty Voltage | Vp [Ys 
a 


Input Voltage 





STATIC ELECTRICAL CHARACTERISTICS (Vsgs= a a 


CHARACTERISTIC | SYMBOL| TEST CONDITIONS fe UNITS 


Sutout Velease 10 9.95 9. 95 10. 00 9.95 
Vin=Yss» Vpp ; 14.951|L5.00 14.95 
Zour | <lua 


Vin=Yss> Vpp 











































Low-Level 
Output Voltage 


Output High 
Current 


Vin=Vss, Vpp | 


VoL=0.4V 
VoL=0.5V 
VoL=1.5V 








{| Output Low 








Current 


Vin=Vss, VppD 






Vout=0.5V, 4.5V 
VouT=1.0V, 9.0V 
Voyut=1.5V,13 .5V 
|Iour| <luA 


VouT=0.5V, 4.5V 
Vout=1.0V, 9.0V 


VOUT=1.5V,13.5V 
uu 


Vin= 18V 






Input High 





Voltage 
















Input Low 







Voltage 












Input 





om 
ro 


Level 
Current| "7," Vit= 
ae ae 





Fe 
Quiescent > 
Vin=Yss> Vpp 10 
os 15 


* All valid ‘input combinations. 


Device Current 
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TC4519BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vos=OV, CL=50pF) 


Sed : 200 
Output Transition Time 
CTLH oe 
(Low to High) 


: . 200 | 
Output Transition Time 
°THL 100 | ns 
(High to Low) 80 
P ti Del Ti sd 
Pro} n Delay Time 
ropagatio y |o05 
(A, B, Xn, Yn - Zn) 


Input Capacitance 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 
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INI 


1645 21 BP C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 





TC4521BP 24-STAGE FREQUENCY DIVIDER 


TC4521BP is frequency divider consisting of 24 
stages of flip-flops. The input section is equipped 
with an inverter to enable to use either RC oscillator 
circuit or crystal oscillator circuit and to accept 
pulse from external clock source. 


Each flip-flop is inverted by the falling edge of the 
output of previous stage flip-flop and this can count 
up to the maximum of 2¢4=16,777,216. 


Since six outputs, 218, 2!9, 229, 221) 222 and 223 
are available besides of 22", adjustment of frequency 
divided output can be achieved. 





ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 


CHARACTERISTIC SYMBOL 
VpD1 Vgo1-0.5 v Vog 1 +20 
DC Supply Voltage 
DD2 Vog17-0.-5 v Vpp 1t0-5 
Input Voltage VIN Vog1-0.5 % Vppit0.5 
Output Voltage VouT | Vgg1-0-5 v Vppjit0.5 
DC Input Voltage = LO 
00 
A 


Power Dissipation (ep. 3 

Operating 

Temperature Range =O 85 
stg 


T 
Storage T ~65 0 150 
T 





Temperature Range 


Lead Temp./Time | Tso1 | 260°C +10 sec 





(TOP VIEW) 





BLOCK DIAGRAM 
; COUNT CAPACITY 





OUT) INe Vppe OUTe2 
 @ © @E 

RESET (2) 
Att 


IN] (9) Pe 
Vss2 (3) 


1~1"7 
COPATEG) 





| ae Q23 2*3= 8,388,608 | 
| oh 224=16,777,216 
OOO WOO —— 


Q18 Q19 Q20 QR1 QRR Q23 QR4 
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TC4521BP 





LOGIC DIAGRAM 


OUT} INe Vppe OUT2 
(7) ©) ©) © 
a oy oe ! 





C)-"<] 7 
EA 


YVVVVYVY 

\V/ \V/ VV \/ \/ \/ 

O ) O QO O ~ 

G9 04) 03) G2) (0) 

QR4 Qed Q22 Qe1 Cz.0. Q1ig Q18 
INTERNAL FLIP FLOP .LOGIC DIAGRAM FLIP FLOP TIMING CHART 
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TC4521BP 





RECOMMENDED OPERATING CONDITIONS (Vg¢1=Vsg9=0V) 


[cuanacrentstrc [ svwoor | S| an, ove. | wax. [ UNITS | 
[oe Suppiy Voltage | YouY2{ —~+ 3 | - | 3s |v _ 
[input Voltage | Ym | = 


STATIC ELECTRICAL CHARACTERISTICS (Vssi=Vss2=0V—= Vpp1=Vpp2) 







High-Level Tour |<1uA 
O 

utput Voltage Vin=Vss, Vpp 
Low-Level [Tour | <1ua 


Output Voltage Vin=Vss> Vpp 


Voy=4-6V 
Voy=2.5V 


Vou=9- 5V 
Voy=13.5V 


Output High 


Current 


{| Output Low 


Current 


; Voyt=0 2OV 9 4 RON. 
Input High Vout=1- OV, 9.0V 


Voltage : VouT=1.5V,13.5V | 15 


Voyt=0 ° 5V, 4.5V 
Input Low ‘our ° OV, 9.0V 


NX 
Input 


Current 


Quiescent 


Device Current 


U 
nx 





* All valid input combinations. 
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TC4521BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgsi=Vss9=0V, Vpp1=Vpp2, CyL=50pF) 


CHARACTERISTIC SYMBOL| TEST CONDITIONS — YDD(V) UNITS 


5 70 200 
CTLH 10 35 100 
15 30 80 
~ 70 200 
~ 35 100 
iD 
4 
3 


PY 

<D 

) 

220 2600 
100 1000 
70 750 


n 
3 9.5 
6 17.5 MHz 
8 

n 








Output Transition Time 
(Low to High) 







u 


Output Transition Time 


(High to Low) 









aa 

oS 
1 

ee 

Oo 

ee) 

Oo 






Propagation Delay Time a - 
(IN2 - Q18) 15 












Propagation Delay Time 
(IN2 - Q24) 







ao 
Un Ow 












Propagation Delay Time 3 
10 
(RESET — Qn) 15 
5 
Frequency fcr. 16 
15 239 
, , a 
R al t 

Input Rise Time rCcL 10 No Limit 

Input Fall Time | *f£CL as 












eK 
Own 


al ae 
Wow 


Min. Clock Pulse Width 









bed 
oa 





Pulse Width 


(RESET) 


Input Capacitance 


Min. 


26 150 


55 385 
25 | 150 
16 120 
60 385 






S [ 
us 
ns 
us 
S 
20 





120 





379 


TC4521BP 





APPLICATION CIRCUIT 





* When CR oscillation is used as time reference 


a. 


* When crystal oscillation circuit is used as the time reference 


Typical data 


P00. [60 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 









TC4522BP PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (BCD) 
TC4526BP/TC4526BF PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTER (Binary) 


TC4522BP, TC4526BP/BF is a 4-bit, synchronus, dwon 
counter having clear, preset and inhibit function. 
The counting operation of each counter is made at the 
rising edge of CLOCK. The counter can advance its 
counting operation at the falling edge of INHIRIT 
input by setting the CLOCK input to "H" level. 

The programmable frequency division circuit can be 
formed by using the PRESET ENABLE input. Also the 
circuit can be expanded by means of cascade connectio 
by use.of the CASCADE FEEDBACK input and '0" output. 
(Refer to application circuit). This counter is 
suitable to programmable frequency-dividers, 
synthesizers, etc. 















DIPLE CSVD1I6A-P) 












cl 
MFPPIG (CPL6GC +P) 


ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 
DC Supply Voltage Vss-0.5~ Vsst20 
Vss-0.5~ Vpptd.5 
Vss-0.5~Vppt0.5 







Qz § a Y pp 















Dpg Qe 
PRESET 7 
ENABLE P2 


Input Voltage 








Output Voltage 








DC Input Current 





pron 











300 (DIP) /180 (MFP) 






Power Dissipation Dpy 


MASTER 
RESET 


Qi 











Operating Temperature 
Range 









Storage HEME PeeUre 
Range 





(TOP VIEW) 








[Lead Temp./Time 





i 
OQ 
HS 
on 
ray) 
oO 
" 
aS 
ww 
yg 
VY 


TRUTH TABLE 
(TC4522BP, TC4526BP/BF ) 


PRESET | MASTER 
CLOCK | INHIBIT ENABLE! RESET ACTION 





























EEREEEREGo 


BERERBEEES 


























* Don t Care 

















rye a ele) ee 


bye 
fe elt felelel : 
GREREER 


Gi 
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1C4522BP, 104526BP/ BF 





FREDBACK | 








- 704522BP, TC4526BP/BF 


LOGIC DIAGRAM 


oO 
as) 
ray) 

o 
a) 
ta 


Dpo Dp 


Y / 
O O 


<p-o<H{(k) 
(~) 


VV 
J J 


flac ed) ES) YET 














CASCADE 
FPREDBACK a3 


PRESET 
ENABLE @ 
CLOCK (6) ~ 
INHIBIT (4) So-of> ) » 
>O 


MASTER 
RESET (10) 


EA Piao 


K -----TC4526BP/BF 
TC4522BP 
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TIMING CHART 
(TC4522BP) 


TC4522BP, TC4526BP/BF 


oT 
aa tt 


INHIBIT 


PCE 
TT 


Zz | 
CLOCK “COTA ALAA. 
Ms on spi ll 


a 
in = allniace 
a3 HEH ina 


ae eat 
"oO" 


(TC4526BP/BF) 


INHIBIT 


CLOCK 


CECE EE CECE 
ySqn pessoas pial i 


zERERE 
_ Sel | 


PS 
as = 
: z 
mace ee 7 
a oO “HE nig co aT Hite 
ae CHEE 


oe pL 
as Prt 
= oa -@ 
tor . 
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TC4522BP, TC4526BP/BF 





RECOMMENDED OPERATING eS =0V) 


, CHARACTERISTIC SYMBOL 
IDC supply Voltage | vp |. 
Input Voltage | vin. 















Ww 


| Tour |<ls#A 
Vin=Vss>Vpp 


0 

5 
5 
llour! <14#A 
0 
5 
5 
0 
5 
5 
0 
0 





Low-Level 













“TVIn=Vss, Vpp 






Vou=4.6V > 
|VoH=2.5V 

Von=9- 5V | 
sO) Gaede 
frseves.voo | 


1 
1 
1 
L 
1 
if 
1 
1 
1 
1 








Input High 
Voltage 






Input Low 
Voltage 


5 
| = at 
VIN=VSS; VDD | 
Vout=0.5V, 4.5V| 5 
VoutT=1.0V, 9.0V 
Vin OUT : 
VoyTr=l-5V,13.5V|] 15 
? ILour] <l#A | 
VouT=0. 5V, 4. 5V | 
Wii \VouT=1.0V, 9.0V 
Vout=1.5V,13.5V} 15 
lIlout] <1le#A 
ae 
eeeed | lin Vq=18V i] 
eee 
Level Ith. | VypL=0V 18 
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TC4522BP, TC4526BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vsgs=0V) 


Quiescent Device 
Current 





* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CyL=50pF) 


CHARACTERISTIC SYMBOL] TEST CONDITION Vpp (V MIN. IX. 


| 









430 1100 


Propagation Delay 170 450 


(RESET - Qn) EpHL 


5 80 200 
Output Transition 
(Low to High) TLH eT ae = 
15 40 80 
5: 80 200 
Output Transition | 
(High to Low) “THL oA a a 
15 40 80 
| : 5 450 1100 
Propagation Delay pLH 10 170 450 
(CLOCK, INHIBIT CpHL 
. | 15 120 320 
‘ » 500 1100 
Propagation Delay Time pe 10 190 450 
(CLOCK - "0") CpHL 
: 15 130 320 
| ce Se 470 1100 
Propagation Delay P 
10 190 450 
(PE - Qn) tpHL 
15 130 320 
a 5 280 | 1100 
‘ Pp 
Propagation Delay 10 120 450 
(Dpn - Qn) CDHL 





15 125 320 
| ae 5 160 480 - 
Propagation Delay P 260 
(CF - "0") tpHL o ik 
15 70 200 
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TC4522BP, TC4526BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


Max. Clock Frequency 


Max. Clock Input Rise/ 
Fall Time 


Max. Input Rise/ 
Fall Time 
(INHIBIT) 


Min. Clock Pulse Width 


Min. Pulse Width 
(PRESET ENABLE) 


IMin. Pulse Width 
(RESET) 





Input Capacitance 
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TC4522BP, TC4526BP/BF 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 
WAVEFORM 1 


INHIBIT 


WAVEFORM 2 


Xe of 


tpHL tpLH 
WAVEFORM 3 WAVEFORM 4 
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N-STAGE PROGRAMMABLE FREQUENCY DIVIDER 





— 9ge 


fin 


fout. 


TIMING CHART 





(N) 
1 O N-1 
f. 
in 
f = 
out ra 


Inn c*5**BP 


n 
(TC4526 BP) (TC4526 BP) 
PE EB 


RESET 
Dpo Dpi Dp2g Dpg 
mm 


Dpo Dpi Dpg Dpg 





Ri: 10kQ~™~ 100kQ, 


COUNTING CYCLE 


9(15) 9 (15) 9 (15) 
8(14) 8 (14) 8(14) 
; i 
l | | 
| bo : 
Ny Ne Nx Ny 
| | ; 1 
I | | | 
| 
| | ps yaaa abe | 
2 (2) R (2) 2 (2) R (2) 
ace. d(T) 1(2) 1 (4) 
0 (0) 0 (0) 0 (0) 0 (0) 
COUNTER COUNTER COUNTER _ COUNTER 


NO. 1 NO. 2 NO. 3 NO. n 


~ LINOYID NOTLWIITdd¥ 


44/d997S91 ‘daZZSb9L 


C*MOS DIGITAL INTEGRATED CIRCUIT 16452 TBP 
SILICON MONOLITHIC 


Wh 





TC4527BP BCD RATE MULTIPLIER 


TC4527BP is BCD rate multiplier from which arbi- 
trary number of output pulses determined by BCD inputs 
(Ain through DqtyN) can be cbtained by supplying ten 
clock inputs. 

For example, setting BCD input to "7" (A=B=C="H" 
and D="L"), if ten counting pulses are applied to 
CLOCK input, seven pulses are output to OUT (QUT) 
terminals. Usually, when used alone, ENABLE, STROBE 
AND CASCADE inputs are kept at "L" level but when used 
in the cascade connection, refer to the example of 
applications. 

Besides of its original purpose of arithmetic circuits, 
this TC4527BP can be utilized for digital filters, fre 
quency synthesizers and programmable pulse generators. 






















DIP1L6é(3D1I6A—P) 





ABSOLUTE MAXIMUM RATINGS 


Input Voltage VIN Vss ~0.5 ¥ YDD+0.5 
TIN 
D 
TA 














RESET 
CASCADE 
EIN 
STROBE 


DC Input Current te ane +10 | mA | 
Power Dissipation ia we 
Operating | Ta ~IH ae ce 
Temperature Range 


P 
260°C * 10 sec | 







Storage 
Temperature Range 


CLOCK 
(RATE INPUT) 


Lead Temp./Time 
LOGIC DIAGRAM 








RESET PREFERRED 
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T0452 7BP 


TRUTH TABLE 





op 
& 
=) 
Ay 
& 
Dp 
io) 


i 
SS 
oO 
i 
& 
ie 
Oo 
fH 
=) 
Oo 
e 
4 
a 
& 
& 
fd 
i 
2) 
A 
< 
oO 
cA 
<t 
Oo 
co) 
-Q 
ie) 
a 
oy 
a) 
a 
imal 
3) 


INPUTS 


OF 


No. 


ica) 
eal 
op) 
4 
=) 
AY 
ne 
oO 
© 
4 
oO 


A 








a 





E 
E 
f 
E 
; 
; 
; 
; 


10 
10 


ae ae a a ee a ae ee ee 


ac WO eh a ee 


10 
10 


4 


4 
EE 


re 


q 


ae 


4 


eae a 
eet he 


qo 


rd 


{ 


cl 


re 





a a a a a eae ee ae ee 
ee a a a a ae a ee ee 


= 
E 





LO 


L 
ee ee 
asses 
ee eee 


fn) 


co 





E 
G 


rf 


qo 


- 
: 


Sawa ae 


Lb | 4 an es ae 
ie ae L Te ||-- bs 


10 


LO 





ae 


G 





ae ae ae a ee ee 
eae ee ee 
ee ee 






1 


1 


H 


L 
a ee ee ee ee 
ee ae (ee ee 


eae 
Fs a 


Ee ee ee ae es ee en ee ee ee ee 


RE a ST ee 


Oy) oy oo] eo 


xk 
K 





pb 


1~10: NO OF PULSES 


4 UNDETERMINED 


2 oe 


* DON'T CARE 
TIMING CHART 





CLOCK 
RESET 


EIN 





Oo AW we wo HF WO CO YF DO OD 
eS & & & F& BR & BH & f& 
2S ee © ee © ne © a a > © Rs SD | > 
60 60 6 0 060 0 06 0 0 0 
a 
eH oe HH & & & & & & & 
a 7 ff 8 8 FH FB BF FB B&B 
o@ 2 © © @ 2 4% 28 2 B 
Sh @ eee ow 2 oe 
OA Aa eh: Aa A Ba 


OUT 
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RECOMMENDED OPERATING CONDITIONS 


(Vgg=0V) 


TC4527BP 








STATIC ELECTRICAL CHARACTERISTICS 


High-Level 
Output Voltage 


Low-Level 


Output Voltage |}: 





Output High 


Current 


Output Low 


Current 


Input High 


Voltage 


Input Low 


Quiescent 


Device Current 


Vin=Yss> VYpp 


Zour | <luA 
Vin=Vss» Vpp 





Voy=2-5V 


VoH=9.5V 
Voq=13.5V 


Voi=0.5V 
VoL=1.5V 


Vin=Vss, Vpp 
Vout=0 wo 4. 
VouT=1.0V, 9. 
Voyt=1.5V,13. 





Vout=0.5V, 4. 


VouT=1.0V, 9. 
VoUT=1.5V,13.5 


All valid input combinations. 


(Vss=0V) 
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TC452 7BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


i CHARACTERISTIC | SYMBOL | TEST CONDITION VDD rre.| wax. | owrrs 
, | v : | 


Output Transition Time 
(Low to High) 





| 100 
80 
200 
100 
80 
460 


190 
140 


190 | 380 
80 | 160 
60 | 120 

340 | 680 

140 | 280 

100 | 200 

260 | 600 

150 | 300 

100 | 200 

150 | 300 


65 | 150 
55 +120 
95 | 190 


bs 


aon 

eu 

SU wolf Uo 

SoS -OLroroNS 
NO 
=) 
O 







Output Transition 


(High to Low) 






Propagation Delay 






(CLOCK — OUT) 






Propagation Delay 
(CLOCK -— OUT) 





15 


be Kh 
So Url uO m 
N 
SOW 
Sm S 


Propagation Delay 
(CLOCK - EouT) 






















Propagation Delay 
(CLOCK - "9') 





Propagation Delay Time 


(STROBE — OUT) 


Rok bre on 
ar a 9: AG oe Ua a Ui 


Propagation Delay Time 


(CASCADE —- OUT) 30 70 


320 | 660 
130 | 300 
100 | 220 
1 140 | 280 
120 


Propagation Delay Time 


(SET, RESET - OUT) 


Propagation Delay Time 


‘o> 
© 





oa oad i 
wi © 
Wn 
mm © 
i 
Wn 
Ne) 
© 


ct 
= 
mo 
He bo be 
WNOoulMToun 
Ww aD oc 
An om 


(Eqn ~ Eour) 15 50 | 100 
5 : 2 | 
Max. Clock Frequency 10 . 6 MHz 
15 F 8 
Max. Clock Input Rise Time 3 20 
, . 10 15 us 
Max. Clock Input Fall Time 15 15 | 
| 250 | 500 
Min. Clock Pulse Width 170 
100 
ns 


110 






Min. Pulse Width 
(SET, RESET) 
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TC4527BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (continued) 


CHARACTERISTIC : SYMBOL TEST CONDITION Vec(v) MIN.| TYP. | MAX. |UNITS 


5 160 | 320 
10 60 | 120 
15 50 | 100 
10 z 130 
15 : 110 
ns 
5 
Fl 
15 
5 0 
pe ft 
15 















Min. Set-up Time 


(EIN ~ CLOCK) 
Min. Removal Time 


(Eqy - CLOCK) 














Min. Removal Time 


6 
4 


Removal Time 





Min. 
(RESET — CLOCK) 


Input Capacitance 


5 


MeERaEE 


WAVEFORM lL 


20ns 
WAVEFORM 2 


£0ns 


STROBE 


90% 


10% 


CTH 


N so 

50% 

110% WAVEFORM 3 
“DHL 
UTLH 


90% 
10% 
UpLH 
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T0452 7BP 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 4 WAVEFORM 5 


20ns 20ns 


90% 90% 
j 50% 50% 
10% OF 


90% (208 
. | 5 0% 50% 
twWH 

- 50% 


RESET 10% Of 
- : al 


UpHL UpLH 
APPLICATION CIRCUIT 


TWO TC4527B'S IN CASCADE 


TCOLS27°RBP x. a2 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC4528BP/TC4528BF DUAL MONOSTABLE MULTIVIBRATOR 


TC4528BP/BF contains two circuits of monostable 
multivibrators with the capabilities of retrigger 
operation and reset operation in one chip. 

The trigger operation can be achieved either by rising 
edge or falling edge if one of two inputs A and B are 
selected. As the pulse width of mono-stable multi- 

vibrator output is determined by the time constant of 


external resistor (Rx) and external capacitor (Cx), 
wide range of output pulse width can be obtained. 

The asynchronous reset operation from outside can be 
achieved by setting CD input to "L" level, and this CD 
input can be also applied for inhibiting the trigger 
operation and for shortening the time period from 
turning the power on the time when TC4528B becomes 
able to perform the mono-stable operation. 





ABSOLUTE MAXIMUM RATINGS 
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TC4528BP/BF 





a 


MFP16(F16GC-P) 





PIN ASSIGNMENT 


(TOP VIEW) 





TRUTH TABLE 


coreg 


INHIBIT 
| | OUTPUT PULSE 
* JINR LT 


* Don’t Care 





i 


~ 104528BP/BF 





TIMING CHART 


ee) ge Be) [ad 


tr t3 
A A A i 


: TRIGGER 
> RETRIGGER 
> RESET tig te phe sth tes tox iy 


(Vpp —Vsg) 
tw: (Cy >QOlMF) tyes { 02 +010-° =") - ny 








RECOMMENDED OPERATING CONDITIONS  (Vgs=0V) 
CHARACTERISTIC _ 

/DC Supply Voltage VpD 

|Input Voltage VIN 


\External Resistance 


j|External Capacitance 


STATIC ELECTRICAL CHARACTERISTICS  (Vss=0V) 


“ -40° 
CHARACTERISTIC |SYMBOL|] TEST CONDITIONS 


High-Level |Ioyr|<1lyA 
Output Voltage > 2 
ore e Vin-Vss» Vpp 


Low-Level lZoyrl<1vA 


Output Voltage Vin=Vsg» Vpp 


po 
ie 
aa | Vou=4.6V 
VoH=2.5V 
QuepueHigh: Ph}. he og ee 
: on | Vou=9- 
urrent Vou=13.5V 


Vin=Vss» Vpp 
Vo ,,=0 e AV 
_ Voy, =0.5V 
Vo, =1.5V 


Vin=Vss» Vpp ~ 


. 


Output Low 
Current 
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TC4528BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Continued) 


7 Qo ° dG ~ 
| CHARACTERISTIC ; SYMBOL UNITS 
examorensni | sen rer comemons [FT [np [| Wn 
3 5 a? 3 ® 5 2 ° 75 a 3 e 5 poet f 











) 
VouT=0.5V, 4.5V|1 5 | 













Input High yr, | Vour=t-OV, 9-0V} 10} 7.0 | - | 7.0/5.5 | - 7.0.4 = 
Voltage TH | Vopr=1.5V,13.5V| 15 111.0 | - 111.0 18.25} -— |11.0] - 
ITour|<1uA 


VoutT™0-5V; 4.5V 
Voyt=l.- OV, 9.0V 
VIL | Voyt=1.5V,13.5V 


[Zour |<1ua 























Input Low 
Voltage 




















(Quiescent Device 





Vin=Yss> Vpp 
(Current | x. 


* All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Voo=O0V, Cy =50pF) 


CHARACTERISTIC ISYMBOL | TEST CONDITIONS 









(Output Transition Time 
(Low to High) 


(Output Transition Time 
| (High to Low) 









RX=5k2 
Cy=L5pF 








15 

Ry=10k2 5 
10 

Cy=lLO00pF 15 
Ry=1LOkQ - 2 
10 

Cy=10000pF 15 

| 5 


Ry=5kKQ 


Propagation Delay Time 


Propagation Delay Time 












== 10 
(CD - Q, Q) Cy=15pF ie 
corer 5 
Ry¥=LOKQ 10 
[Propagation Delay Time = 
pag y Cy=1000pF - 
CD - Q, Q eee 
: 22 Ry=10kA - 
| Cy=10000pF : 





15 
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TC4528BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Continued) 


CHARACTERISTIC SYMBOL| TEST CONDITION > ra [ae [oe UNITS 


Min. Input Pulse Width 
(A, B) 


















Ry= 1 Ok 
Cy=1000pF 





Min. Retrigger Time 


Ry=10k% 





Cy=10000pF 






Output Pulse Width 
Ry=1LOk2 


Cy=10000pF 
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C*MOS DIGITAL INTEGRATED CIRCUIT 16453 OBP 
SILICON MONOLITHIC | 


TC4530BP DUAL 5-INPUT MAJORITY LOGIC GATE 


The TC4530BP is dual 5-input majority logic 


gate. Each majority logic gate decides whether or 


not the input at "H'" level is more than that at "L" 


level. The polarity of decision output Z can be 


selected by using control input W. 


DIP16( 3D16A-P) 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC |SYMBOL RATING UN 
DC Supply Voltage DD Vss -0.5 ~Vss +20 


PIN ASSIGNMENT 


V 
Input Voltage VIN Vss -0.5 © YpD+0.5 
Output Voltage Vss -0.5 VYpD+0.5 


DC Input Current TIN +10 
300 


Operating it 

Temperature Range 

Storage 
Temperature Range 





Lead Temp. /Time 
LOGIC DIAGRAM 


(TOP VIEW) 





TRUTH TABLE 


INPUTS OUTPUT 
IF ANY THREE OR aie ae 
OF A,B,C,D AND EB 
Z=M5 (:) W=(ABC-+ABD+ABE+ACD+A CE+ 
ADE+ BCD+BCE+ BDE+C DE) or 
. H 


GW 


IF ANY THREE OR aie 


OF A,B,C,D AND B 


INPUT ARE AT "L". 


@) = EXCLUSIVE NOR 
=EXCLUSIVE OR 
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TC4530BP 





RECOMMENDED OPERATING CONDITIONS (Vgs=0V) 


Vpp 
VIN 


High-Level y \Iour | <luA ; a 
3 OH : 9.95 |10.00 

utput Voltage 1 V 
IN °SS? “DD 14.95|15.:00 


| Low-Level \Toyr| <luA 


VoL. 7 
Output Voltage Vin=Vss, Vpp 


Von=4 e 6V 


Voy=2.5V 
Output High of 
VoH=9 .5V 


Current 
. Voq=13. 5V 


Vin=Vss,» Vpp 
VoL=0.4V 
Output Low VoL=0.5V 
Current Vo,=l.5V 
VInN=Vss> VpD 
VoutT=0.5V, 4.5V 
VouT=1.0V, 9.0V 
Voltage 4 Your=1.5V,13.5V 
|Tout| <luA 
VouT=0.5V, 4.5V 
Input Low VouUT=1.0V, 9.0V 
VOUT=1.5V,13.5V 


Input High 


Voltage 


Quiescent 


Device Current 





* 


* All valid input combinations. 
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TC4530BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cy=50pF) 


TYP. UNITS 
| r wet 13 ) | 200° | 
Output Transition Time say 
(Low to High) * } oa 
Output Transition Time aap 
(High to Low) ss 
O 


Propagation Delay Time 96 
(D Z) 400 
- | 300 


Propagation Dealy Time 640 


| 300 
(A, B, C, D, E - @) 210 
575 


Propagation Dealy Time 
265 


CW 22): 


Input Capacitance 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





WAVEFORM L WAVEFORM 2 


W 


INIA 


164531 BP C?MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 





TC4531BP 12-BIT PARITY TREE 


TC4531BP is 12 bit parity tree consisting of 12 


exclusive OR gates. 


When ODD/EVEN input is set to "L", "H" level is output 


if the parity of data inputs (DO through Dll) is odd 


and when ODD/EVEN input is set to "H", "H" level is 
1 
output if the parity of data inputs is even. 


This has wide range of applications such as generating DIP16 (3D16A-P) 





the parity code of n bits data and detecting parity 


errors. PIN ASSIGNMENT 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC |SYMBOL RATING 
DC Supply Voltage Vss -0.5 ~Vssg +20 
Input Voltage Vss -0.5 ¥YpD+0.5 
Output Voltage VouT | Yss-0.5~Ypp+0.5 
DC Input Current Be 

TA 
sol 










D1O 


Ea 


-) 


3 


30 
Operating -40 ~ 85 
Temperature Range 

Storage 

Temperature Range -65~ 150 
Lead Temp./Time 260°C + 10 sec 


LOGIC DIAGRAM 


ODD/EVEN W 


° 


(TOP VIEW) 


oO 





comes 

() 

3 S 
a} 4 |2/F]<]<| </4 


TRUTH TABLE 


>K 
Ly L L 





E 
ae 





Peete rie eer 
Rk 
eecfe ca cf bs ce ale om lel gl 


ODD/EVEN W 





Q=DODISMRA 


lio me mile hm oe 


ava 
oO 


- B= DECIMAL EQUIVALENT 
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TC4531BP 





RECOMMENDED OPERATING CONDITIONS (Vsgs=O0V) 


CHARACTERISTIC SYMBOL 
V 


Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


-40°C 25°C 85°C 
CHARACTERISTIC | SYMBOL| TEST CONDITIONS | Vpp bene UNITS 
_sasscreasrie| seo, MAX. | MIN. MIN, | MAX. 
5.00 
High-Level 5 | 4.95 
10 | 9.95 
Yin-Yss> Ypp | 45 |14.95 
5 


Output Voltage 
I <1uA 
|Zour| <lu Fe 
ES 

















10.00 


















Low-Level 


Output Voltage Vin=Yss, Vpp 











Von=4 e 6V 






















Vay=2.5V 
Output High oF 
VoH=9.5V 
C t 
urren V =13. 5V 
OH 
15 
Vin=Vss» Vpp 







VoL=0.4V 














5 
Output Low Vat=0.5V 
urrent Vop=l.5V 
OL 15 







Vin=Vss, VppD 


VoutT=0.5V, 4.5V] 5 
VouT=1.0V, 9.0V 10 
Voyt=1.5V,13.5V 15 
|Tout| <luA ) 


VouT=0.5V, 4.5V 
VouT=1.0V, 9.0V 




















Input High 





Voltage VIH 





0 

345} 2275 
7.0 ore) 
11.0; 8.25 
225 





Input Low 





Voltage 











0.05 
0.05 
0.05 
LS : 
3.4] 15 
1.5 
3.0 
4.0 






Quiescent 






Ipp | VYin=Yss> Vpp 10 
* 15 





Device Current 






* All valid input combinations. 
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TC4531BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, Cyz,=50pF) 


CHARACTERISTIC | SYMBOL | TEST CONDITION |Vpp(V) UNITS 
5 - 80 


Output Transition Time 


(Low to High) 





200 


Output Transition Time 
| | 50 100 


(High to Low) 


| 40 80 
Propagation Delay Time | 320 | 1320 
120 525 
DATA - 
a 80 360 
210 750 

Propagation Delay Time s 

(ODD/EVEN W - Q) es 


DATA 
ODD/EVEN W 
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C*MOS DIGITAL INTEGRATED CIRCUIT 


Shenk onde 1C4532BP 


) 





TC4532BP 8-BIT PRIORITY ENCODER 


TC4532BP is eight bit encoder which detects "H" 
level of the highest order among eight input signals 
and outputs the corresponding signal position in 
binary code. 

The inputs are eight input signals of DO through D7 
and ETN, and when EyN is set to "L" level, the encode 
operation is inhibited making all the outputs at "L" 


level. 

The encoded output appears on three signal lines QO 
through Q2 in binary. Egyut and Gg are the outputs to 
indicate the operational mode of encoder and used when | 
the number of bits is to be increased by cascade con- 
nection. 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNITS 
DC Supply Voltage VpD Vog - 0.5. Vssg + 20 
| Input Voltage VIN Vsg - 0.5. Vppt+0.5 
Output Voltage VouT | Vgg - 0-5 uVppt+90-5 
Operating 5 
Temperature Range PTA -40 ~ 85 C 


Storage 
Tsol 260°C + 10 sec 


































HNABLE 










Temperature Range 








Lead Temp. /Time 
LOGIC DIAGRAM 





(TOP VIEW) 


Vop 
ENABLE OUT 


GROUP 
SELECT 


DS 


DR 


fp 


DO 


Q0 








TRUTH TABLE 
OUTPUT 





* Don't Care 
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TC4932BP 





- RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 


I 
| DC Supply Voltage | Yp | | 3 a 


Input Voltage VIN 0 VoD 


STATIC ELECTRICAL CHARACTERISTICS (Vss= ae Bee 


CHARACTERISTIC | SYMBOL] TEST CONDITIONS fo UNITS 


High-Level Tou \Iour| <lua 4.95 4.95] 5.00 
Output Voltage : Vee y 9.95 9.95 }10.00 
| ee 14.95 14.95 ]15.00 

0.00 


0.00 
0.00 




















[Tour | <luyA 
Vin=Vss> Vpp 






Low-Level 
Output Voltage 































Voy=4- 6V 

VoH=2-V 
TOH VoH=9 .5V 

Voy=13.5V 





Output High 






Current 










Vin=Vss» Vpp 
VoL=0.4V 
Vop=0.5V 
Vo. =1.5V 
| Vin=Vss», Vpp 
VoutT=0.5V, 4. 
VouT=1.0V, 9. 
Voyr=1-5V,13. 
|TourT| <luA 
Voyt=0-5V, 4.5V} 
VoutT=1.0V, 9.0V 
VOUT=1.5V,13.5V} 15 4.0 













Output Low 





Current 






Input High 





Voltage 













Input Low | 





Voltage 


Input 


Current 









Quiescent 
Ipp | Yin=Yss> Vpp 10 10 
, * 





Device Current 


* All valid input combinations. 
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1C4532BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=OV, Cy=50pF) 


CHARACTERISTIC SYMBOL] TEST CONDITIONS Vpp (VY) 


tput Transition Time .. 
Outpu Cee Fe 
(Low to High) ae 


LYE. 


MAX. |UNITS 





}Output Transition Time 


80 
50 
40 
80 
50 
40 












CHL : 

(High to Low) _ 
Propagation Delay Time tpLH 140 
60 
(En - Eour) t pHL ie 





Propagation Delay Time 


ct 
Ae) 
i 
an) 
a 
Sw 
a 
WwW Oo WM 
ow ©} 

















(Eqn ~ GS) tpHL = 
P , 2 150 
tion Delay Time CoLH 

ee io y Pp A 
(ETN - Qn) CpHL 15 me 
Propagation Delay Time | | tpLH i pe 

Dn - t 
(Dn - Qn) | pHL - es 
Propagation Delay Time CpLH 5 200 
10 90 

(Dn - GS) t 

pHL 15 








~ 
Wn | © 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 WAVEFORM 2 
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TC4932BP 


APPLICATION CIRCUIT 


Two TC4532B's Cascaded for 4-Bit Output 








| py D6 D5 D4 DZ D2 D1 DOI 
HTN Bout 


as QZ 91 Qo 


DY DS Ive Wa 


o>) 
oO 
ct 
i) 
i 
oO 
CA 


YD? D6 DS. Dé DS-DA DL. DO 
Kout= ot 


—Iot 


Exy Bout 
with Dry 


62 Go0 






ey ae FO 


QO 


ee a eT TE ee EE oN nar Bren 


408 


C’MOS DIGITAL INTEGRATED CIRCUIT 10453 SBP BF 
SILICON MONOLITHIC T 





TC4538BP/TC4538BF DUAL PRECISION RETRIGGERABLE/RESETTABLE MONOSTABLE MULTIVIBRATOR 


The TC4538BP/BF is the retriggerable/resettable 
monostable multivibrator and the trigger operation 
can be made at either the leading or trailing edge by 
2 inputs of A and B. Since the output monostable 
pulse width is decided by time constant of the 
external resistor (Rx) and the external capacitor 
(Cx), it becomes possible to set a broad range of 


output pulse widths. 
Further, since the pin connection and function are 
compatible with the TC4528B, the substitution is 


DIP16 (3D16A-P) 


1 





MFP16 (F16GC-P) 
ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 
DC Supply Voltage Vss-0.5~ Vgst20 
Input Voltage Vss-0.5~ Vppt0.5 
D 
TA 










PIN ASSIGNMENT 









Output Voltage VOUT Vss-0.5~ Vppt0.5 
300(DIP)/180 (MFP) | _ mW 

me 

fe} 


Operating TE sy, -40~ 85 
Range 
ange 


S 
oes Temperature 265150 
Lead Temp./Time 


LOGIC DIAGRAM 


(1/2 TC4538BP/BF ) 
OL 


CD NOTE 


faa OUTPUT ENABLE 
CONTROL Baa 
: 












260°C = 10sée 





CIRCUIT 


OUTPUT ENABLE 


* Pon t Care 
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| 


TC4538BP/BF 





TIMING CHART 


A& : TRIGGER 

& : RETRIGGER 
ee. on 

A : RESET Le be 0S 


tw = Cx: Rx 
: tps tay te oy 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC 
DC Supply Voltage VpD 
Input Voltage VIN 


External Resistance 
External Capacitance 


a -40°C 
cuaracteristic [>< |rest conpITION Top L__~40°C _| 
BOL (Vv) MAX. | MIN. 


High-Level 
Output Voltage 


| I 2 
Low-Level y IIout! <14A 
Output Voltage OL Vin=Vss;VppD 
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TC4538BP/BF 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


CHARACTERISTIC 


VoH=4.6V 
VoH=2.5V 
Lou! VoH=9.5V 
VoH=13.5V 


Output High 
Current 


Vin=Vss>Vpp 
VoL=0.4V 











Output Low VOL=0.5V 


Current Woraie5u 


VIN=Vss>,Vpp 
VouT=0.5V, 4. 








Input High VoutT=1.0V, 9. 

wont Be Voyr=1.5V,13. 
lIopr|]<14A 
Voyr=0.5V, 4. 





Input Low VouT=1.0V, 9. 
Ngee VouT=l.5V,13. 

















Quiescent Device 
Current 





x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, Cy=50pF) 


Output Transition Time 
(Low to High) 





All 


TC4538BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, Cy=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION aa =o UNIT 


m 


Output Transition Time : 
(High to Low) THL 


10. _ 50 100 ns 
dB, 







580 50 









Propagation Delay Time "pLH 


(A,B a Q,Q ) 



























COHL 


Propagation Delay Time 


(CD % Q,Q ) 


Min. Input Pulse Width 
(A, B) 


Min. Pulse Width 
(CD) 


Min. Retrigger Time 





Ry=1LO0ka 
Cy=0.002uF 






Ry=100k0 
Cy=0.14F 





Output Pulse Width 


Ry=100kQ 
Cy=104F 






Pulse Width Match 
between circuits in 
the same ee 





tw(Q2) - wld 5 
tw(Qi) 
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TC4538BP/BF 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 


2£0n8 20n8 

















-10% 10% 
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TC4539BP/BF C’MOS DIGITAL INTEGRATED CIRCUIT 
| SILICON MONOLITHIC 





TC4539BP/TC4539BF DUAL 4-CHANNEL DATA SELECTOR/MULTIPLEXER 


TC4539BP/BF contains two circuits of data selec- 
tors which select data according to common address 
inputs A and B. 
Four channei data XO through X3 are selected to a a 
a 


output Z according to inputs A and B and four channel 
data YO through Y3 are selected by the same A and B to 16 
generate output W. | 


When input St (ST') is set at "H", the output becomes DIP16(3D16A-P) 


"L" regardless other inputs. 
This can be widely applied in composition of signals, 16 
parallel to serial conversion and selection of 

1 


signals. 





MFP1€ (F16GC-P) 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC UNIT 
DC Supply Voltage 
Output Voltage 
Power Dissipation | Pp | 300(DIP)/180(MFP) W 
° 


TIN 

PD 
Operating T 2 
Temperature Range oe? 
Storage 
Temperature Range -65 V 150 
Lead Temp./Time 260°C - 10 sec 






PIN ASSIGNMENT 






STROBE §f Vpp 





Bf: STROBE’ 





XS A 


XR I 






XL 


XO 


Z 











(TOP VIEW) 


TRUTH TABLE 


LOGIC DIAGRAM 





pane) 
a8 
KX 
BEE 


fells fe fede |e || 





: DON'T CARE 
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TC4539BP/ BF 





RECOMMENDED OPERATING CONDITIONS (Vgs=0V) 


CHARACTERISTIC SYMBOL a ees ee UNITS 








DC Supply Voltage 18 oe 
Input Voltage 


















C ELECTRICAL CHARACTERISTICS (Vgs=0V) 
CHARACTERISTIC | SYMBOL| TEST CONDITIONS | V Cee : 
DD UNITS 
es [a 
High-Level 4. oi 
229) 





Output Voltage Ve VaR Van 



















ITour|<luA 
Vin=Yss» Ypp 


Low-Level 
Output Voltage 

























VoH=4 ° 6V 









Vay=2.5V 
Output High oF 

VoH=9.5V 
Current 

VoyH=1l3.5V 

Vin=Vss» Vpp 







VoL=0.4V 
VoL=0.5V 


Vop=1-5V 








Output Low 





Current 








VIN=Vss,> VpD 
VoutT=0.5V, 4.5V 
VouT=1.0V, 9.0V 
Voyr=1-5V,13. 
Tout | <luA 
VouT=0.5V, 4.5V 
Voyt=1.0V, 9.0V 


VOUT=1.5V,13. 



















Input High 





Voltage 


























Input Low 









Voltage 













Current} "J," 








Quiescent 












Device Current 2 


* All valid input combinations. 
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TC4539BP/BF 


DYNAMIC ELECTRICAL CHARACTERISTICS 


| CHARACTERISTIC 





| Output Transition Time 








| Output Transition Time 


(High to Low) 





Propagation Delay Time 
(A - Z, W) 








Propagation Delay Time 


(Xn, Yn - Z, W) 








| Propagation Delay Time 


(STROBE -— Z, W) 





Input Capacitance 


(Ta=25°C, Vgg=0V, Cy=50pF) 





SYMBOL | TEST CONDITION 

























WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 20ns 


F YO% 
5 0% 
4~|10% 

CTLH 


90% 


Fe 
10% 
CpLH 


| WAVEFORM 3 


STRO BE 





WAVEFORM 2 


RW 
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Yu 


20n8 


(Sxl 











C*MOS DIGITAL INTEGRATED CIRCUIT 164543B P/BF 
SILICON MONOLITHIC | | 


TC4543BP/TC4543BF BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER (For liquid Crystals) 


a 





TC4543BP/BF is 7 segment latch/decoder/driver 
which can directly drive field effect type liquid 
crystal display element (FEM type) and equipped with 
| BLANKING input, PHASE input and LATCH DISABLE input. 


|I£ erroneous BCD code is input, and when BI is "H", 
all the outputs are blanked. 


When FEM type liquid crystal is driven, common pulse 
|should be applied to the back plane of display element 
and the PHASE input of TC4543BP/BF. 


When LED display element is to be driven, drivers 
should be added to the outputs. 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 
DC Supply Voltage Vsg -0.5 VVg5 +20 
VIN Voo 055 4 Vpp 0.5 


—- 

















Input Voltage 







Output Voltage. 





DC Input Current 


[a0 a 
Power Dissipation 300(DIP) /180 (MFP) 


BaD ! 
Operating pa 
Temperature Range nD ee 
= 
Tso1 



















260°C - 10 sec 
(TOP VIEW) 





LOGIC DIAGRAM 
ka Oe 
i.e 
: 


7% SEGMENT DECODER 


—Ke 
Siebbe 





BI Cz) | >0 
PHASE (6)}1>0 





417 


len vel 


ee ae 


OU EP UCL as 


INPUTS 


| bp | pif Pease | 4 | pt coc [ > fa J 


TRUTH TABLE 


1C4543BP/BF 


iveeenee 


alti 
{ 


pb be) BANK | 
as L L L 
L L Ls 
7 SEGMENT DISPLAY 


BLANK 


H 
BLANK 


BLANK 


BLANK 


Tsrank | _ 
eee le 
ieee era aa 


a a Fe a 
| oH | 


he! 


= a ae ee 
eae eee es 
a ae oe 


Poop a | a] a [| 2 | Buane | 
L 
L 
H 
L 
L 
H 





L 








L 
L 
H 


LATCH 
L 
H 
L 


H H 
H | 
L L 
ea ee (ee ee ee ee eee 


H H 
H H 


ee i es asi et 
H 


LATCH 


H 
H 


BLANK 
H 


L 


iG 

2 

ae ee? 

ee 
a 
H ee: 


L 








c 
H 
L 
H 











H 
L 


f. 





a 

Ce] 
g 

ae 


{- 








H icf H 
H H H 


O 

SD 

=> Gua 
GH ®O 


L 


H 


BLANK 


L 
H 
H 
L 





H L L 
H L Be 





K L 
* 
xk 





k 
* 
L 
| 
L 


K 
oK 
k 
L 


li. Fe | 
L 
H 
H 
H L 


L 
H 


Lb 
HH 





eS ee ee ae ee 
H 
b 





bL 
H 








L 
CARE 


ae en ee a oe a 
po 


| H G 
H H 


| ou H L 
L H H 


H L 
Hi L 
H 


H 
| H 
H 
H 
H 
L 
L 
L 
L 











iL 
L 








* : DONT 





DISPLAY 





H L 
L 
L 


H L 

H IT , m7 
= 
ih 

L 


H 

L 
L 
L 
L 
L 


5 
H 
| _H 
H 
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TC4543BP/BF 





RECOMMENDED OPERATING <a ee en 
|} CHARACTERISTIC | sympon | SY | vax. | units | 














DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vgo=0V) 


CHARACTERISTIC | SYMBOL VoD UNLTS 
yy | MIN. | Max. | oN. MAX. 


I Toy | <1ua 5 | 4.95 
10 | 9.95 
15 114.95 
5 
10 


















High-Level 
Output Voltage 





























Vin=Yss> Vpp 
ITour|<LBA 


Vin Vog> ¥ 






Low-Level 
Output Voltage 







DD 














Output High 







Current 


Output Low 






Current 








Vin=Vss> Vpp 
Voyr=2 PY a5 4 e 5V 


Vour=l-OV, 9.0V 
Vout=l- SV, Ls, SV 


[Lour|<1ua 


VoyuT=0-5V, 4.5V 
yOu: OV, 9.0V 


















Input High 









| Voltage 
















Input Low 









Quiescent 






Vin=Vss> Vpp 


* 





Device Current 







* All valid input combinations. 
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TC4543BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgg=0V, CL=50pF) 


CHARACTERISTICS ——| SYMBOL] TEST CONDITION fy) Gy) UNITS | 
| | : - 70 










, | oe 200 
Output Transition Time 

: t 10 - 35 100 

: TLH 
(Low to High) 15 a 30 80 
Output Transition Time ty - : se 

: HL 
(High to Low) — 15 30 30 








Propagation Delay 
(A VD - OUT) 















Propagation Delay tpLa - = 

(BI - OUT) tpHL = ce 

Propagation Delay 7. ses . 
eee Cee 100 300 






















Propagation Delay tpLH , 
(PHASE - OUT) tpHL 180 
| 250 

Min. Pulse Width (LD) tw 100 
80 

Min. Set-up Time ‘ 
(LD - A ~ D) a 10 
Min. Hold Time : oA 
(LD - A %V D) be 20 






Input Capacitance CIn 


420 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 





WAVEFORM 1 


WAVEFORM 2 


WAVEFORM 3 


Am D, 
id. 5 
PHL ACS fi 


OUT 


Oo 
Se 
ae 


Lob 


Uk 








42] 
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TC4555BP, TC4556BP/BF ives icone one 





TC4555BP DUAL BINARY TO 1-OF-4 DECODER/DEMULTIPLEXER (Active High Outputs) 
TC4556BP/TC4556BF DUAL BINARY TO 1-OF-4 DECODER/DEMULTIPLEXER (Active Low Outputs) 


TC4555BP and TC4556BP/BF contain two circuits of 
decoders/multiplexers. 

When ENABLE="L", arbitrary one of four outputs is 
selected by two binary inputs A and B. 

The selected output is "H' for TC4555BP and "L" for 
TC4556BP/BF. 

When ENABLE is set to "H'", the selection is inhibited 
making all the output at npn for TC4555BP and "H" for 
TC4556BP/BF. 










ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 


MFP16 (F16GC-P) 





Vsgs-0.5~ Vsst20 
Input Voltage Vgs-0.5~ Vppt0.5 


ouEout Voltage VOUT Vss-0.5~ Vppt0.5 
DC iqpul- cureent fear 
Power: Diseipatton 300(DIP)/180 (MFP) 
Operating Temperature 
Range 


Storage Temperature 
ILead Temp. /Time Tsol 260°C - 10sec 


LOGIC DIAGRAM 


DC Supply Voltage 





PIN ASSIGNMENT 
TC4555BP 


1 ENABLE A Vpp 


k ENABLE 


KA 





7B 


1/2 TC4555BP 


1 ENABLE Vpp 
1A 2 BNABLE 
1B ZA 


7B 


205 
2) 


RQ2 


RAs 


(TOP VIEW) 
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TC4555BP, TC4556BP/ BF 





TRUTH TABLE 


OUTPUTS 
TC4555BP 


























H 
x: Don't Care 


FFEE 
aaa 
rE 

Go pas Eee ae pee 

cage aaa (oe eS 

ee oad cal Wi cel 


SYMBOL 


















High-Level 
Output Voltage 







10} 9.95 929910. 
15 
5 
10 














Low-Level 
Output Voltage 














Output High 
Current 













Output Low 
Current 










VoutT=0.5V, 4.5V 
VoutT=1.0V, 9.0V 
VoutT=1.5V,13.5V 


lLout |}<1#A 






Input High 
Voltage 


; 1.5 
.3] 3.8 
.4| 15.0 
3.5] 2.75 
120). 3.5 
11.0] 8.25 
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TC4555BP, TC4556BP/BF 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


















































| CHARACTERISTIC TEST CONDITION ae Si oe UNIT 
MIN. MAX. 
Vout=90.5V, 4.5V - Lek D 
Input Low VOUTHhOV,: “9.0V). 20 - 30 ~ 4.5 35.0 oo 
Vi V 
Voltage ; 
VOUTHDOV yt 3 e5V. 1 - ee) - erm Os) a0 4.0 
Ilour |<1#A 
wet a aes 
| Level ItHi Vip=l8v 18 - Osa - 10 Qik aoe 
Input 
HA 
Current npn 
= oy 7 a ane St oo he 
med IiTL|VrpL=OVv 18 eel 10 Od act) 
Gi ae AO -& 10,002): 4.0 30 
Quiescent Device ee 7 _ | ‘ 
aes Ipp| VIN=Vss>VpD 10 8.0 0.004; 6.0 60 | wA 
| 15 - 16.0 ~~ 0.008} 16.0 L2G 
* All valid input combinations. 
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=O0V, Cy ,=50pF) 
CHARACTERISTIC SYMBOL TEST CONDITION va MIN. TYP 2 
| D 
5 _ — 80 
(Output Transition Time 
(iow ee Tee) i a0 
15 - 40 
| 5 - 80 
Output Transition Time 
(High to Low) a 
15 _ 40 
5 a 140 
Propagation Delay Time 
= 10 ~ 65 
(A,B ~ Q,Q ) 
Eo = 50 
5 ~ 110 
Propagation Delay Time 
a oe 10 _ 45 
( FS Q,Q ) 
13 - 40 


i|Input Capacitance 
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TC4555BP, TC4556BP/BF 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1] WAVEFORM 2 


(TC4555BP) 


Q 
(TC4556BP /BF) 
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IN 


1C4560BP C*MOS DIGITAL INTEGRATED CIRCUIT 
| SILICON MONOLITHIC 





TC4560BP NBCD ADDER 


TC4560BP is NBCD (natural BCD) adder which adds two 
binary coded decimal numbers (BCD code). 

The sum of BCD inputs applied to four data input lines 
(Aj through A4) and another set of four data input 
lines (B] through B4) and carry input CIN from the 
lower order digit is output to S$] through S4 in the 
same BCD code. 

When the sum is 10 or larger, "H" level is output to 
carry output Coyr. When the sum is smaller than 10, 
Cout is kept at "L" level. By connecting with 
TC4561BP (9's complementer), the add/subtract circuit 
can be easily obtained. 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL _ RATING 
Vss-0.5~ Vsst+20 
Vce=0 5 = Vppioss 

VourT Vss-0.5~ Vppt+0.5 
00 










-65 ~150 


(TOP VIEW) 
260°C + 10sec 


ees ee 
3 


{Storage Temperature 
Range 
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TC4560BP 





TRUTH TABLE 









































INPUTS OUTPUTS 


CIN 


ep) 


COUT 


No 


1 


e g 





> 


Qo 
> 
Wo 





: 


re SE dee ets cS 














ivuced 








= fe =e 


eae 





RECOMMENDED OPERATING CONDITIONS (Vgs=0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 
Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC 





‘High-Level 
Output Voltage 


Low-Level 
Output Voltage 





Output High 
Current 


Output Low 
Current 





|lout |<1e#A 


V 
ve Vin=Vss,VpD 


lIlour| <14A 


V 
un VIn=Vss>VpD 





VoH=4.6V 
' VoH=2.5V 
Iou| VoH=9.-5V 

VoH=13.5V 


Vin=Vss,Vpp 





Vin=Vss;Vpp 








TC4560BP_ 





STATIC ee CHARACTERISTICS (Vss=0V) 


CHARACTERISTIC TEST CONDITION eu | -40°c | -40°c 





VoutT=0.5V, 4.5V 
VouT=1.0V, 9.0V} 10} 7.0) - 7.0} 5.5] - 7.0} - 
VouT=1.5V,13.5V} 15] 11.0] - 11.0] 8.25; - 11.0} - 


5 5 5 


VouT=0.5V, 4.5V 
“ 
| HA 
—O.1 -1.0 
5 150 
10 300] wA 
20 600 





Input High 


Voltage VIH 





— 
e 






oO 
© 
Ww 
© 


5 OUTS ON, 9.0V; 10 






a 
© 
a 


“| Voyp=1.5V,13.5¥ 


Input Low 
Voltage 
lout! <14“A 
: 
Ip 





oe he 
Level Van Eey 
Input 
Current npn 
| Level EEE 


Vin=Vss>Vpp 


x All valid input combinations. 


















Quiescent Device 
Current 





Poe a — 
i, Co 0 Oo 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cy,=50pF) 


Output Transition Time r 
(Low to High) TLH 

Output Transition Time é 
(High to Low) THL 


Propagation Delay Time 
(A,B 7.N S) 




















Propagation Delay Time 
(A,B - CouT) 
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TC4560BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=O0V, CL=50pF) 


CHARACTERISTIC SYMBOL] TEST CONDITION Vpp (WV) 





5 
Propagation Delay Time 
(CIN - Cour) 








Propagation Delay Time 
(Cin => S) 





Input Capacitance 





WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


20n8 20nus 






90 % 






90% 
50% 
10% 


A, B, Cry 






CT LH UTHL 


Sy Cour 
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TC4560BP 





APPLICATION CIRCUIT 


PARALLEL ADD/SUBTRACT CIRCUIT 









O O CARRY 
O 
10A e O 
O 
© O 
O 1 
LOB ce 
O O 
@ 
@ 
TC4560BP 
O 
° 
O 
A O A 
O 
O O 
~ 9) 
B 10 
v O 
© 
O 
ZHRO © TC4560BP 
ADD’ SUB O 


TC4561BP 


FUNCTION TABLE 
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C’MOS DIGITAL INTEGRATED CIRCUIT 1645 61 BP 
SILICON MONOLITHIC 


AAA 





TC4561BP 9's COMPLEMENTER 


TC4561BP is 9's complementer which generates 9's 
complement of BCD signal. 


Keeping Z input at "L", if COMP="H" and CUMP="L", 9's 
complement of input BCD code (Al through A4) is ob- 
tained at outputs Fl through F4. (When the input code 
is 2, the output will be /.) If COMP input="L" or 
COMP input="H", the output becomes equal to the input. 


If Z="H", outputs Fl through F4 become."L" regardless 
of other inputs. By connecting with TC4560B, the add/ 
subtract circuit can be easily obtained. 


DIP14(3D14A-P) 





ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 


SYMBOL RATING 


DC Supply Voltage VDD Vsg - 0.5% Vag + 20 
Ves -0.5.Vppt+0.5 V 


Output Voltage Vout Veg - 0.5. Vppt+0.5 


Operating : 
Temperature Range -40 7 85 


260°C - 10 sec 









rt 
3 
ao) 
G 
ct 
<j 
oe) 
be 
ct 
eb) 
oa 
09) 
<j 
rH 
a 
-|: 





aS 
oO 
= 
MD | tH 
ms | o 
Ao) 
Oye 
Be | et 
n 
Mia 
hei ct 
SS im) 
Ops 
t+ | O 
a) 
O lect 
3 
Ao} eH 
wid 
VA 
Lo |+ 
Ole 
Oo}o 
3 =: 
ele 














3 F4 


AZ (EXCLUSIVE - OR) AS 











A2-AS+AR°AB 
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TC4561BP 





TRUTH TABLE (COMPLEMENT MODE: Z, COMP="L", COM=""H") | 
DECIMAL ILLEGAL BCD | inputs DECIMAL 





a GL | 




























































INPUT CODE INPUT CODE AR OUTPUT CODE | F 
| — a — oar ea - - 
_- : ie: H 8 i L L i, 
i H 4 L A 
HH if a 5 
he | Le 
H L 
Lb | L 
H i; 
3 i? 
= 
ih 








CHARACTERISTIC | SYMBOL 
: Vpp 
Input Voltage | VIN 











DC Supply Voltage 











STATIC ELECTRICAL CHARACTERISTICS (Vss=0v) _ 


| | | CMRP RONE| DD! t= 28 
| CHARACTERISTIC |SYMBOL| TEST CONDITIONS 


| High-Level 







Tour] <1Lua 














VOU 
Output Voltage ViIn=Vss, VpD 
Low-Level 1} Lout|<luA 
“Ou 
Output Voltage Vin=Yeg» Vpp 
OT Vege 4. 6V 
Vog=2.5V. 
Output High Wo Gey 
Current 1 OH OH 
| VoH=13.5V 
_ ; | Yin=Vss» VppD 
\ VoL=9 * AV 
|} Output Low | Voy=0.5V 
Current LOL 1 Voy=i. ov 


| VIN=Vss, VDD 
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TC4561BP 





STATIC ELECTRICAL CHARACTERISTICS (Continued) 


| CHARACTERISTIC 


Input High Vour=!. OV, 9.0V 
) VouTH LS DV 13e3V 


rHioor| ain | 


Voltage 


VouT=0.5V, 4.5V 
Input Low VouT=1.OV, 9.0V 
Voltage VouT=1.5V,13.5 
15 


ss Level 6: a 18 
Current | 'L" 
Level 


Quiescent 


Device Current 





* All valid input combinations. 
DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vgs=0V, CyL=50pF) 


CHARACTERISTIC SYMBOL| TEST CONDITIONS Vpp (V) 
| 5 


Output Transition Time 


(Low to High) 






Sic 


80 200 
50 100 
40 80 














Output Transition Time 


(High to Low) 












Propagation Delay Time 


CA) 







Propagation Delay Time 
(COMP, COMP - F) 







Propagation Delay Time 
(2 1B) 













Input Capacitance 
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TC4561BP 





WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


OUTPUT 


OUTPUT 


APPLICATION 


FUNCTION TABLE 


ZERO TC45 60BP 


ADD/SUB 


TC4561BP 
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C*MOS DIGITAL INTEGRATED CIRCUIT 1645/2B P/BF 
SILICON MONOLITHIC 


AAA 





TC4572BP/TC4572BF HEX GATE . 
(4 INVERTERS Plus 2-Input NOR Gate Plus 2-Input NAND Gate) 


TC4572BP/BF is a multiple gate that contains 


4-circuit inverters, 1 circuit 2-input NOR GATE, and 


1 circuit 2-input NAND GATE in one package. 


Since each gate is of "B" type equipped with a buffer 
consisting of 2-stage inverters, it has high noise 


: ° D S5DI6A-—P 
immunity. DELONE DORSEY 


16 


1 ; 
MFP16 (F16GC-—P) 





ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 
DC Supply Voltage Vss ~0.5 “Vss +20 V 
Input Voltage Vss -0.5 VVpD+0.5 V 
Output Voltage VouT | Yss-0.5 VYpD+0.5 V 

A 
W 
ae 
°C 






PIN ASSIGNMENT 







m 
Power’ Dissipation 300 (DIP) /180 (MFP) m 
Operating 40 ~ 85 
Temperature Range 


Storage ; 
Temperature Range -65 V¥ 150 Le | 
Lead Temp. /Time 260°C + 10 sec 


a ae 
<a 

om = 

ms a 


LOGIC DIAGRAM 


INVERTER 


(TOP VIEW) 


NAND GATE 


G 


NOR GATE 
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1C4572BP/BF 





RECOMMENDED OPERATING CONDITIONS (Vsgs=0V) 





STATIC ELECTRICAL CHARACTERISTICS (vgs=0V) 


CHARACTERISTIC SYMBOL} TEST conDETrONS [pp 
—_——- | (V 


High-Level 
Output Voltage 

























| Tour |.<1uA 
Vin=Yss> Vpp 



























Low-Level 
Output Voltage 


[Tour| <1uA 
Vin=Vss» Vpp 






Vou=4 e 6V 
Voy=2-5V 





Output High 
VoH=9.5V 


Voy=13. 5V 






Current 






VoL=0.4V 
VoL=0.5V 


Vop=1-5V 





Output Low 





Current 
VIn=Vss, VpD 
| Voyr=0.5V, 4. 
VouT=1.0V, 9.0V 
Voyr=1-5V,13. 
|Tour| <luA 
VouT=0.5V, 4.5V 
VoUT=1.0V, 9.0V 
VOUTHI.5Vi13: 








Input High 








Voltage 













Input Low 








Voltage 





Quiescent 








Device Current | 


oh 
a 


* All valid input combinations. 
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1045 72BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS 





(Ta=25°C, Vog=0V, CL=50pF) 











CHARACTERISTIC SYMBOL | TEST CONDITION |Vpp(V) min.| typ. | Max. | UNITS 
Output Transition Time 3 80 200 
CTLH 10 50 100 
(Low to High) 15 40 99 
a 8 2 | 
| Output Transition Time ? a v0 
Gish esis) OTaL 10 - 50 100 
fae ate 15 os ih 2G 80 
Propagation Delay Time C5LH ? 20 200 
10 40 110 | ns 
(INVERTER) CpHL 15 30 65 
Fae, janis Chak t 95 200 
Propagation Delay Time CLH 
— . 45 110 
(NAND) 35 85 
Propagation Delay Time 99 00 
45 110 
(NOR) 35 35 
Input Capacitance — pF 


CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


CIRCUIT 


a INPUT 
GENE RA TOR 


Vpp Vpp 






OUT PUT 






OUTPUT 


WAVEFORM 


INPUT 


OUTPUT 





TA We PEP tA A st TE GS A A SP, A AGN POTS 
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Mii 











TG4583BP C’MOS DIGITAL INTEGRATED CIRCUIT 
of | | SILICON MONOLITHIC 


TC4583BP DUAL SCHMITT TRIGGER | | ; 


TC4583BP consists of two independent Schmitt 
trigger circuits. 


By externally connecting resistors between POSITIVE 
terminal and COMMON terminal and between NEGATIVE 
terminal and COMMON terminal, hysteresis can be given 
to two inputs Ajy and Bry. Furthermore, the width of 
hysteresis and the threshold voltage between high 
level and low level can be varied by varying the re- 
sisters. The outputs are available in the forms of — 
positive outputs and inverted three-state outputs from 
both circuits. -Exclusive-OR of both inputs is also 
output. | 


This is most suitable for line receivers. DIP 16 (3D16A-P) 





ABSOLUTE MAXIMUM RATINGS 





PIN ASSIGNMENT 


RATING UNITS 













CHARACTERISTIC |sympoL| RATING 
DC Supply Voltage — Vog - 0.5 V Vgg + 20 
Input Voltage | Veg - 0.5 VVpp+0.5 
Output Voltage VouT. | Vgg - 0.5 V Vpp+ 0.5 V POSITIVE B 
DC Input Current NEGATIVE B EXCLUSIVE OR 
Operating T _ a . 
Storage T Bs oduct j 
Lead Temp. /Time 260°C + 10 sec COMMON Aff 


LOGIC DIAGRAM Vgg 


NEGATIVE 


A 
POSITIVE A(6) (5) 
Ain?) ee q> (4) Aour 


DLS 


1>—D4 (l)AguT 


DIS 





TRUTH TABLE 












HZ 


Ss) 
(6p) 
> 
Se 
t 
es 
e 
} 
Gt 
4 
> 
© 
G 
4 
ve 
ag oe a 
wR 
Re 
O 
ras 
Bel 
es 
x 
© 
y 


am 
N 
N 


DISABLE a a Lae y> (4)EXCLUSIVE 0 
= —epis 


q> Qo)Bour 


DIS 


Brn¢S) > d>—>o—4.2)Bour 
DIS 
POSITIVE B(2) (3) @) 


COMMON B 
NEGATIVE B 


N 
N 


ele El le[e 
an mo 
ele le f= [a= 
any 
[al fe fe |B f= 
fede le Peele 


a 









HIGH IMPEDANCE 
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TC4583BP 


EXTERNAL RESISTER CONNECTION 


External Resistance - Threshold Level (TYP.) 


POSITIVE 


i 
100 
coxaion o—— UM PEATE ETE | — vonesy 
nears vk o—¥ eo ELAINE TEAM TUN | | —— vonraov | 


Bail || eee = Vnp=15V 
Sar aie aang DD~ 


Vpp) 


Negative Threshold Voltage, VN 
can be varied by changing R2 and 
Positive Threshold Voltage, Vp 


can be varied by changing Rl. 
MRE Toco 


(B) 
POSITIVE 
Rl 
COMMON fie 
Ea 
NEGATIVE IE FETT ETT ETE ETT 
eee ee SLU UU TAT PVT CE 
° * oO 
10 


varied by changing Rl. 
10k 100k 


HT 
anit ge = 
eet eee a MO 


He ec a Baill 


THRESHOLD LEVEL (%» 





Hysteresis Voltage Vy=Vp - V. 
a & Howe N EXTERNAL RESISTANCE Rl» R2 (Q) 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


Input Voltage — 
External Resistance Rl, io ade Limits fe 


STATIC ELECTRICAL CHARACTERISTICS (Veg=0V) 
CHARACTERISTIC SYMBOL | TEST CONDITION VDD oe 
co) [a [om [eT Pear 
0.05 
0.05 
0.05 


, 4, 
High-Level ITour| <lua a seas cee 
Vou 10 9.95 . i 10.00 9.95 
Output Voltage Vin=V Vv 
IN=YSS» YDD 15 114.95 14.9515. 00 
5 010.05 
[Tour | <1uA 2 00] 0.05 
OL 
Vin=Vss> Vpp 1 0.0010.05 
Vou=4 .6V 
Output High VoH=2.5V 4.0 
Current Tou VOHs 227 : : , 
Vou=13. 5V 
15 ; . 
. ViIn=Vss, VpD | 
VoL=0- 4V 5 ° . 
Tor, 
















Low-Leve 1 
Output Voltage 











, 0.42 
Output Low VoL=0.5V 


Current = 
ur Vop=l- Vv 


, 15 
Vin=Vss» Vpp 
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TC4583BP 





STATIC ELECTRICAL CHARACTERISTICS (Continued) 









CHARACTERISTIC {SYMBOL 


| Input High 
Voltage 
Input Low 
V 
Voltage 
H ny 


VIH 

IL 

ITH 

C t A ey I 
rren 

my 

Level IpH 

Ip. 

Ipp 





Vout=9-5V; 4.5V 
VouT=1.OV, 9.0V 
VoutT=1.5V,13.5V 

























VouT=0.5V, 4.5V 
Vout=1. OV, 9.0V 


VouT=1.5V,13.5V 
[Tour | <1ua 





| 3-State 
| Output 

| Leakage 
Current 











Quiescent 


Device Current 


| Output Transition Time 
| (Low to High) | 





Output Transition Time 
(High to Low) 
Propagation Delay Time 


| (Arn, Brn- Aout. Bout) 











| Propagation Delay Time 


| (Arns Brn - Aout, Bout) 


| Propagation Delay Time | 
| CAINS BIn 7 EX, OR) 








| 3-State Disable Time tpLZ >t pHZ 
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TC4583BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Continued) 


CHARACTERISTIC SYMBOL | TEST CONDITION — MIN. ew nee 


Positive Threshold Vv 
Pp 























R1, R2=5k2 if — ae 
Voltage < 6 
Negative Threshold 5 . 1.8 - 
Vy RL, R2=5k2 10 = 4.45 = 
Voltage 15 7 70 7 
5 1.4 ‘ 
Hysteresis Voltage Vy Rl, R2=5k2 LO sib 
_ 5 1.0 
Threshold Voltage 2 Oued 
Variation AVT Rl, R2=5kQ 10 0.15 
(A=) B) = | 15 0.2 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


| WAVEFORM 1 WAVEFORM 2 





AIN» BIN Ain, BIN 














VoH 
Aout, Bour EXCLUSIVE OR 
VoL 
VoH 
Rout, Bour EXCLUSIVE OR 0% f-50% 
— Voz Vou 
too boLH 
WAVEFORM 3 
| 20n8 20ns 
aes SOD | 90% = DD 
DISABLE Log 50% 
¥ 10% N10 % 
Vsg 
7 
frees, yi ouas 90 B OH 
Aouts Bout 
10 4 
Vou 
WAS UpHZ, 
+ 90 G 7 ‘OH 
Aout» Bout ey 
\ nee f-10% VoL 
boa LoL, 


44} 


| 


inl 


1645 S4BP/BF C’MOS DIGITAL INTEGRATED CIRCUIT 
Th SILICON MONOLITHIC 





¢ 
4 


TC4584BP/TC4584BF HEX SCHMITT TRIGGER 


The TC4584BP/BF is the 6-circuit inverter having 
the Schmitt trigger function at the input terminal. 








That is, since the circuit threshold level voltages 

at the leading and trailing edges of input waveform 
are different (Vp, Vy), the TC4584BP/BF can be used 

in the broad range application including line receiver 
waveform shaping circuit, astable multivibrator, mono- 
stable multivibrator, etc. in addition to ordinary 
inverter. 









DIP 14 (3D14A-P ) 









Since the pins are compatible with the TC4069UB, the 
substitution is also possible. 







3S 
MFP 14(F14GB—P) 








ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTIC 


DC Supply Voltage Vss - 0.5 “Vsg +20 
IN 


Input Voltage Vss -0.5 ~VYpp+0.5 
Output Voltage Vout | Vss-0.5 ¥Vpp+0.5 


Power Dissipation 300 (DIP) /180 (MFP) 
ai : 


Operating i : 
Temperature Range 

Storage ; 
Temperature Range Tstg -65 % 150 : 


Lead Temp. /Time 260°C + 10 sec ; 


INPUT/OUTPUT VOLTAGE CHARACTERISTIC 


VIN Vout 


HYSTERESIS VOLTAGE ~ 











(TOP VIEW ) 





LOGIC DIAGRAM 


Vu=Vp—- Vy 


8) VN Vp —=—VIN 


* INPUT — OUTPUT * TRANS FER 
VOLTAGH WAVEFORM CHARACTERISTICS 
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RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 


DC Supply Voltage 





Input Voltage 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


High-Level 
Output Voltage 


Low-Level 
Output Voltage 


Output High 


Current 


Output Low 
Current 


Positive 
Trigger 
Threshold 
Voltage 
Negative 
Trigger 
Threshold 
Voltage 


Hysteresis 


Voltage 


Quiescent 


Device Current 





[mre [ase «dC 


Z.95[5.00 4.95 
.95]10.00 9.95 
14.95/15.00 14.95 


0.00 | 0.05 
0:00: 005 


Vin=Yss» Vpp 





Vin=Yss> Vpp 


ViIn=Vss, Vpp 


ViIn=Vss, VDD 


VouT=4. 5V 
Vout=9. OV 


VouT=1 3. 5V 


* 


* All valid input combinations. 
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TC4584BP/BF 





DYNAMIC ELECTRICAL CHARACTERISTICS  (Ta=25°C, Vgg=0V, CL=50pF) 


CHARACTERITIC 


Output Transition 


(Low to High) 


Output Transition 
(High to Low) 





Propagation Delay 





Input Capacitance 





CIRCUIT AND WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


CIRCUIT WAVEFORM 






VppD 
INPUT 
OUTPUT 
Cy, = 50pF 
I . OUTPUT 





P.G. +: PULSH GENERATOR 
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TC4565BP 4-BIT MAGNITUDE COMPARATOR 


ne ne NE ER NRA ER NA 


TC4585BP is weighted comparator which compares the 
magnitudes of input data of four bits Ag through A3 
and another input data of four bits Bo through B3. 

If TC4585BP is used, signal of larger, smaller or 
equal is obtained at one of three output lines 
depending on the cascade inputs CAl>RB)In, (CA=B) IN and 
(A<B) IN. 

It is easy to fabricate the magnitude comparators of 
4 n bits with cascade connection of n number of 


TC4585BP. 
DIP 16 (3Dis6A-P ) 





PIN ASSTCNMENT 








SYMBOL 






















Voes-0.5 ~Vsst20 


Vss-0.5 ~Vppt0.5 


| Vgg-0.5 ~Vppt0.5 





DC Supply Voltage 








Input Voltage Bo 











Output Voltage 
DC 





Ag 











Input Current (A=B)OUT 


H Bs 















J (AD>B)OUT 
R (CA<B)OUT 


Power Dissipation (A>B)IN 











|}Operating Temperature CA<B)IN 


Range 


Storage Temperature 
Range _ 






(A=B)IN 







3 Bo 





Ay 








j Lead Temp. /Time 


4m ern Emm ma 





Aen a 8 A eee em eer mane SMEARED BO 


LOGIC DIAGRAM 





a 


Lae eG) (A>B ) OUT 




















NE Tce nen ee 2 TNR EAT TO COLTS Sah A A OA Te A NA ETE ONT RA JAP RA Nn leaner eins renner enema Yrtet 
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el 


C?MOS DIGITAL INTEGRATED CIRCUIT 1TC4585BP 
SILICON MONOLITHIC | 





TC4589BP | 





TRUTH TABLE : 












INPUTS 


: 





OUTPUTS 
A=B 


/\ 
te 
> 
V 
wo 









= *% 


*, 
C 
~~ 
2 
fo 
oO 
2, 
lo 
‘e 


deeadeae 


Props [vets [acsi| + [+ 
forts |raaa| [oe [+ 
wane [ee 


x Don't care 








Input Voltage 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


| v) | wan. | Max. MAX. 
D2]. ahs ‘ 5 ‘ 
High-Level 7 Ilourt | <1l#A ae 
Output Voltage Vin=Vss,Vpp ° : 
| 14.95]15 


0 
0 
0 
0 
0 
0 


YP 
.0 
.0 
0 
| . 0.0 
Low-Level ITour | <1ua 0.0 
Output Voltage ~|ViIn=Vss,Vpp 
0.0 
5 


VoH=2.5V 
Tou | VOH=9. 5V 





VoH=13.5V 


Vin=Vss,Vpp 
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TC4585BP 





STATIC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


SYM- 
CHARACTERISTIC BOL 


Output Low 
Current 


VouT=0.5V, 4.5V 
Input High VouT=1.0V, 9.0V 
MOPEGES Vour=1.5V,13.5V 


VouT=0.5V, 4.5V 


Input Low VouT=1.0V, 9.0V 


Voltage VouT=1.5V,13.5V 


Input 
Current 


Quiescent Device 
|Current 





*x All valid input combinations. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=OV, Cy=50pF) 


MIN. TYP. MAX. UNIT 
CHARACTERISTIC SYMBOL | TEST CONDITION Vpp (V) max. | ower 
‘ 5 


Output Transition Time 
15 









(Low to High) 







Output Transition Time 


(High to Low) 








Propagation Delay Time 


(COMPARING INPUTS 
- OUTPUTS) 
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TC4585BP 





DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


ae Delay Time 


(CASCADING INPUTS 
= OUTPUTS) 


COMPARING INPUTS, 
CASCADING INPUTS 


OUTPUTS 


OUTPUTS 


APPLICATION CIRCUIT 
(LSB) 


As Ag Ay Ag 
© O O O 
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{MSB ) 
Ag Alo 
O O 


VpD 





Oo O 
Bg . Bio 
(MSB } 


C*MOS DIGITAL INTEGRATED CIRCUIT 165001 p 
SILICON MONOLITHIC | 


TCSOOIP = 4-DIGIT DECADE COUNTER 


TC5001P is four digit decimal counter containing 
latches and multiplexer circuits and equipped with the 
terminals of digit signai outputs for dynamic display, 
blanking input (for zero suppress operation) and 
transfer input (latch operation). 

The maximum count of this counter is 9999 and three 


CARRY terminals are provided for carry operations 
required in some applications. 

Refer to TRUTH TABLE, TIMING CHART and OPERATING 
CONSIDERATION for the operations. 





DIP 24(6DKk4A-~-P) 
ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 
DC Supply Voltage Vss-0.5~Vsstl10 
Input Voltage | VSS-0.5~Vppto.5 










PIN ASSIGNMENT 





(TOP VIEW) 










Output Voltage VOUT Vss-0.5~Vppto.5 
DG Input Current | TIN 
ower Dissipation | py | 300 _*| 
Storage Temperature a 

Lead Temp. /Time 260°C - 10sec 


BLOCK DIAGRAM 








mo ary DO oO FPF WA WD 










Pow 
KF Oo 











Raxt Crext Sin Aout Bour Cour Pour 
C3 C) © © ©) O 


nes  AAAN = 


, T, Tg Tg Ta 
O OO OD EO 


/WAVWV\ 


bt 
wo 
= 
en) 











LIE 
BOnE 
aim 
ai 

= 

ais 
TT 
SEs 
BEPEe ee 

HLT 

Ie] & 
Bese 
| 






OCAS 


aa 
Steed 

He 
_ > 

a 3 
Q 

a ‘rt 

wi 

| 
E 
re 
Q 


TESTA O 
TRE OQ 






t-O CA2 
CPO 
OCAl 






RESET (0) 0 
RESET (9) © 


- By 0 Dy JAg Be C2 D2 
ae 1/0 1/10 
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TC5001P 





DESCRIPTION OF PIN FUNCTION 


SYMBOL NAME FUNCTION 


Terminal to detect OVER FLOW condition of the counter 


PIN No. 









which generates "H" level when COUNT is incremented 
from'9999", Once set to "H", only RESET (0) can clear 
se ola oo Pe | 


OVER FLOW 





This is opened when external CLOCK is supplied from 










RESISTER 
EXTERNAL 





REXT Stn- If external CLOCK is not available, CLOCK can 








be generated by externally connecting a resistor 





CAPACITANCE 
EXTERNAL 


SIN SCAN INPUT 


CARRY COUNTER 
pale: output "9999"|_——_| 
Tf tf 
CARRY-2 from n- X999 


| "H'" | Decimal COUNTER output is transferred to 
MULTIPLEXER as it is. 


a 


Lowest order decimal COUNTER CLOCK input and COUNTER 


CEXT 






across Sjyy and Rpxt and a capacitor across S{VN and 






io) 
<j 


CexT: 






T-COUNTER CLOCK input and T-COUNTER is changed its 






condition at the falling edge of Sqn. 






"H" during CP= 
"H'" in COUNT 
shown at the 
left,"L" other- 
wise. 













A3 
CA2 
CAl 





4 





TRANS FER 
COUNTER output at the time of falling edge of 


TRF is latched. 









COUNT INPUT 









is counted by the falling edge of CP. 


"H" | Decimal COUNTER output is reset to "0000". 
RESET (0) This takes precedence over RE (9). 
If RE (9) = "L", normally counted. 
"H" |T£ RE (0) = "L", COUNTER output is set to 
RE (9) | RESET (9) | 


"99999", 
If RE (0) = "L", normally counted. | 
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io) 


QO az 
i 
a 








be 


ee 
No 





TC5001P 





DESCRIPTION OF PIN FUNCTION 


PIN No.| SYMBOL — FUNCTION 


a | If TEST (2) = "H", normally eee | 
eer oe "L" | Tf TEST (2) = "H", only lower order two digits 
are counted. 
DouT Decimal COUNTER BCD outputs.When T1="H", the lowest 


A-OUTPUT 


BLANKING 




























order digit (first digit) is output, when T? = "H", 
the second digit is output, ... and when Ty, = "H", 
the fourth digit is output. During BLANKING all the 


outputs become "H". 


If BL = "H", only all Aout through DoytT (BCD OUT) 


become "H", 


Output to indicate the digit position of output 





signals Aogyt through Doyt (BCD OUT) and corresponds 


in descending order from T}. 
es 
Normally counted. 
23 TEST? TEST? 
ae Causes Ti cs i ier T2~T, _ ses hae OVF = Wat 
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TCS001P 


SP ESS SEE FISD I EE SI I III A EE I EA a I 8 I TO ETE SOOT TSE SE ET IC TE IE ET OREO EE LTE SETTLE TEE ETE TGR, 


TIMING CHART 











9999 


RESET (0) 


RESET (9) 


COUNT INPUT 


(AX) as 


(By) : 





(Cy) = 
(D1) - 


CARRY 1 


CARRY 2 


CARRY 3 





OVER FLOW 








SCAN INPUT -- 


i 


il 
it 
[ite 


| ae la | 
> Wo No 

t ' 1 ] 
! { ' 


* Waveforms marked with ( ) are timings of LSI's internal signals. 


Aout, Boyt, COUT and DovT are output in the timings in synchronism 
with Tj, T2, T3 and T4 respectively. 
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TCS001P 





TRUTH TABLE 


ve RESET | TRAN- | BLAN- 
(9) | sFer| xinc} 22572] TEST2| Aout | Bout} Cout| Pour 





ke Don't Care Note 1. SCAN INPUT = "L" 
Not defined o All the inputs/outputs (except COUNT 
INPUT and SCAN INPUT) are activated by 


Count operation (all digits) 


"H" level. 
' . 
Ge’ “Count Opera’ fon: Comly Tower o count input _J L_ scan inpur _[ 4 
order two digits) 
tn —-tn+1 tn —etn4+1 
LA Latch operation 
S Scan operation o When used, TEST] = "H" and TEST? = "H" 


should be satisfied. 


OPERATING CONSIDERATION 


a 
1. RESET Operation | 


(1) When the level of RESET (0) terminal is set to "H", BCD output of COUNTER is 
set to "0". The four digit display becomes 0000. 


(2) When the level of RESET (9) terminal is set to "H' > BCD output of COUNTER is 
set to "9". The four digit display becomes 9999. 


(3) When both of RESET (0) terminal and RESET (9) terminal are My. RESET (Q) 


terminal takes precedence. 





2. SCAN Operation 


(1) SCAN signal for dynamic display applied to SCAN INPUT terminal controls the 


multiplexer circuit and transfers four digit information in the latches to BCD 





outputs one digit at a time in Sequence. 








TC3001P 





OPERATING CONSIDERATION 


(2) Arbitrary digit can be made real time output (completely static) by making 
SCAN signal DC. : 


(3) The digit pulses in synchronism with SCAN signal for dynamic display appear at 
the digit output terminals (T1, T?, T3 and T4). The digit output terminals 
(Ty, Ta, T3 and T4) are used for the digit selection circuit and for arbitrary 


digit zero suppress. 
(4) The digit pulse is activated by the falling edge of SCAN INPUT signal. 


(5) SCAN signal is supplied from the internal oscillator as shown in Fig. 1 or from 


the external one as shown in Fig. 2. 


R=LOOk®? 





TC5001P TC5001P 





fscans-——L— [Hz] 


3. Latch Operation 


(1) When the level of TRANSFER terminal is "H'", COUNTER information is transferred 
to the latches. | 


(2) When the level of TRANSFER terminal is charged from "H" to "L", the information 
transferred from COUNTER is Latched.. . 


4, Count Operation 


(1) Set input terminals TEST], TEST? and TRANSFER to "H'" and BLANKING terminal to 
al . 


(2) COUNTER is set by applying ‘"H" level to RESET (0) or RESET (9) terminal and two 


RESET terminals are returned to "L". 
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TCS001P 


5 EN NE SO ST A aN A Ne a Te POA lanes IVE Tae a eee 


OPERATING CONSIDERATION 


When the count pulse is applied to COUNT INPUT terminal, COUNTER performs its 
COUNT operation at the falling edge of count pulse. 


The maximum count is 9999 and if 9999 is exceeded, "H' level appears at 
OVER FLOW terminal. Removal of OVER FLOW signal can be achieved by applying"H" 
to RESET (0) terminal. 


(5) The carry signals from 100's and 1000's digits appear at output terminals 
CARRY 1, CARRY? and CARRY3. 


(6) When TEST] terminal is "L", only lower order two digits of COUNTER are counted. 
BLANKING Operation 


When BLANKING terminal is set to "H", all the BCD outputs of COUNTER become "H" and 


this signal is used to achieve the zero suppress operation. 
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RECOMMENDED OPERATING CONDITIONS (VSS=0V) 


CHARACTERISTIC SYMBOL 
Supply Voltage . 
Input Voltage 
Operating Temp. 
| External Registance © REXT 


External Capacitance CrxT 


V 





I 
Rr} 
O;o}yo]}] w 
: 
Ww 
° 
oO 


ELECTRICAL CHARACTERISTICS (VSS=0V) 










TEST 
CONDITIONS 
















High Level 
Output Voltage 


IIout ! <IwA 
| VIN=VDD,VSS 













Low Level 
Output Voltage 








I 
ee 
ho 







COUT ,DOUT 
CARRY1,2,3 
OVER FLOW 

Lei gyi 33 

TA | 






High 
Level 
Output 
Current 






I 
oO 
Qo 





Aout , BOUT 
Cout ,DouT 


mm <a 

wd 
| 
Ne) ke 
> NO 











Low 
Level 
Output 
Current 









poe | 


lo 

Wo 

ee) 
oO} re 
NO | NS 


- Quiescent z _ 
| Current Ipp oa Vpp>VSs 
| Consumption : 


* All valid input combinations 
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SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL = 50pF) 


TEST 


CONDITIONS Vpp (V nee 


TYP 3 X. 


<< 
bet 
Zz 


SYMBOL 


CHARACTERISTIC 


A 


alF 








Propagation Delay Time 


(LOW-HIGH) COUNT INPUT — 1000 
Propagation Delay Time ad A,B,C,DouT 
(HICH-LOW) (Waveform 1) p 600 | 1000 | 





(LOW-HIGH) 
Propagation 
(HIGH-LOW) 
Propagation Delay Time 


(LOW-HIGH) 
Propagation 


400 1000 






Ho) 
n 


A 3 B 9 C 9 Dout 
(HIGH-LOW) 


pLH | COUNT INPUT — 
; CARRY1,2,3 — 
H OVER FLOW 
Propagation Delay Time pik (Waveform 3) 


Min. Clear Pulse Width RESET (0), (9) 5 


tw(TR) TRANSFER 5 


Delay Time 














400 1000 











t pHL 
: 400 1000 


Delay Time 









400 1000 


si 
bs on . 
wn ro) wn 
io) 
Hx 





yon 
>) 





1000 


3 
n 


Min. Transfer Pulse 


Width 
9 105. .dt 
18 PIN 


1000 





Input 





Capacity 


fom | 
PIN IN 


MHz 


© 
ea 
ho 
© 


NO 
© 


Max.Clock Frequency 


SWITCHING TIME TEST CIRCUIT 















VpD AOQUT 
BOUT 
COUT 


DOUT 
CARRY] 


CARRY2 


ios 


x OUTPUT 
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SWITCHING TIME 
Waveform 1 


COUNT INPUT 


A,B,C ,DouT 


Waveform 2 


TRANS FER 


A,B,C,DouT 


Waveform 3 


COUNT INPUT 
CARRY 1,2,3 


OVER FLOW 


TEST WAVEFORMS 


20ns 20ns 





20ns . 20ns 


90% 
WK 150% 
k 10% 


tpHL 





50% 


_|t pL 
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cwos vara wweseescwcur — TC5OQIBP, TC5022BP 


TC5002BP, TC5022BP BCD TO 7-SEGMENT DECODER/DRIVER 
TC5002BP and TC5022BP are decoders to convert BCD 
code input to the driving signal for 7-segment 
display element and equipped with NPN transistors as 
the output buffers enabling direct driving of common 
cathode type LED. 

When BI input is set at "H' level, all the segment 
outputs are turned "OFF" (not illumination) regardless 
of other inputs. 

RBI input is to turn the output "OFF" and RBO input 
is to generate "H" level output only for "O" code 
input and these are used for leading zerc suppress 
when connected in cascade. 
















DIP 16 (3Di6A-P) 






ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 


DC Supply Voltage Vp 
Input Voltage V 
Output Voltage VOUT 


IN 
DC Input Current 














Power Dissipation 


Storage Temperature -~-65~ 150 


OR h*OoPRA DT BD 





LOGIC DIAGRAM 


poo or ror er rrr ere re 


| DRIVER 


\ 


7-SEGMENT 


DECODER 
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TC5002BP, TC5022BP 


TRUTH TABLE 





OTE 


Z, | 
(o) 
Ay 
= : 
~ 
z 
Ha) Ki ey SY Sea Sao aoa ia ye 
re 








Undetermined 








: Don't Care 





ae 
* 











f — sa © 
a * 


a. = 


: ac: sai Bs 














TC5022BP, 
TE502Z2BP . 
TC5022BP, 


2 
iS ae 





NOTE 1 : 





(TC5002BP) 





DISPLAY INDICATE MODE 


aj_f | 
sf 
af 0) 


TC5002BP 
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RECOMMENDED OPERATING CONDITIONS (VSS= OV) 
CHARACTERISTIC 


Supply Voltage 


Input Voltage 







Operating Temp. Topr 





ELECTRICAL CHARACTERISTICS (VSS=0V 






CHARACTERISTIC 





CONDITIONS 













High Level 
Output Voltage 
(RBO) 


















llour!| <1yA 
ViIN=Vss, VDD 























Low Level 
Output Voltage 
(RBO) 


ITout! <lnA 
VIN=VSS, VppD 






High Level IT ie 
|| Loupr! <1laA 
Output Voltage ; 
ie ae = IVrin=Vss, Vpp 
(a - g) 










VoH=4 .6V 

| VoH=9.5V 

| VoH=13.5V 
| VIN=VSS, Vpp 


| VoL=0.4V 








High Level 
Output Current 
(RBO) 



























Low Level 
















a | VOL=0.5V 
ee VoL=1.5V__ 
\ | VIN=Vss, VDD 
‘ VOH=3.5V 
High Level Gou=8.5V 


Output Current low VoH=13.5V 








(a - g) VIN=Vss, Vpp 
7 Vout=0.5V,4.0V 
High Level VOUT=L.OV,9.O0V | 10 


Input Voltage 





ITouT!<1lupA 
VoutT=0.5V,4.0V 5 
Low Level Vit | Vout=l.0V,9.0V | 10 
Input Voltage ek | VouTH=1.5V,13.5V/ 15 
| Tout |< lwA 





Disable Current 


ey 





(AB) 
Input {‘H” Level 0.3 10 
Quiescent oe | 0.0051 20 1 pm os 
Current | VIN=Vss,Vpp 0.010; 40 
Consumption # eng] = 






x All valid input combinations. 


xx Required pull down register RL = 20 ka (a~g outputs), 
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TCS002BP, TC5022BP 





SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, ©L=50 pF) 


| | | TEST 
CHARA , 

Output Rise Time m 

(SEGMENT OUT) | pire 
Output Rise Time here 
Output Fall Time ‘ 
(LOW-HIGH) | 500 | 1000 
Propagation Delay Time | tpLH Rp=l ka 150 400 
(A,B,C ,D-SEGMENT OUT) 120 300 
(HIGH-LOW) 1000 2000 
Propagation Delay Time tpHL RL=1 koa 450 1000 
(A,B,C,D-SEGMENT OUT) 320 700 
(LOW-HIGH) | | 1000 | 2000 
Propagation Delay Time tpLH 370 1000 
(A,B,C,D - RBO) 250 750 
(HIGH-LOW) 500: 1000 
Propagation Delay Time pHL 200 500 
(A,B,C,D - RBO) 140 300 
(LOW-HIGH) 800 1600 
Propagation Delay Time tpLH 270 700 

(RBI — RBO) 190 500 
(HIGH-LOW) 180 700 
Propagation Delay Time tpHL 70 350 

(RBI — RBO) 50 250 


500 1500 
200 600 
150 500 





Propagation Delay Time 
(BI - SEGMENT OUT) 


Input Capacity 
SWITCHING TIME TEST CIRCUIT 


TABLE (tpLH, tpHL Test Codition) 


Wave- 
ny np 
A,B,C,D - A Other | x 1 
SEGMENT OUT Inputs 
A,B,C,D - Other 
ae RB RBO 
RBI -  RBO| RBI ie RBO ae | RL| Cy, 
Inputs 
BI - Other | 
SEGMENT oor] asfomer st = | 4 | 


P.G.: PULSE GENERATOR CL=50pF 


No 


Ww 
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TC3002BP, TC5022BP 


SS a aaa NT NRT IE IT EE eR NTI SET ITY aE TSI ET TE DOE EI ANE a CE TE IE TE AITO IEEE ITE SI ITT IES TEE EEA G CITING LOCO TAT TED TS BETAS ETTE 


SWITCHING TIME TEST WAVEFORMS 


W 2 
WAVEFORM 1 AVEFORM 


WAVEFORM 3 WAVEFORM 4 
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—— 16507 2B P/BF C?MOS DIGITAL INTEGRATED CIRCUIT 
== EF ® . | , ~ SILICON MONOLITHIC 





TC5012BP/TC5012BF HEX NON-INVERTING 3-STATE BUFFER 











~TC5012BP/BF contains six circuits of non- 
| inverting buffers having three state output. 
Since DISABLE inputs to disable the outputs are 
provided separately, one common for four circuits and 
| another common for other two circuits, this is suit- 
| able for controlling four bit data lines. 
Large output current enables to directly control 


|} one TTL input. 


CHARACTERISTIC |SYMBOL 


|DC Supply Voltage | Vpp 
Input Voltage | Vin | 
|}Output Voltage | VoUT 


| DC Input Current = LO | | 
Power Dissipation | 300(DIP)/180(MFP) | 
| Operating | | 
Temperature Range 


Storage ; 
|} Temperature Range | 


| Vpp 


| DISABLE2 


IN6 


* ? DON’T CARE 


HZ : HIGH IMPEDANCE 
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RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


CHARACTERISTIC SYMBOL 
DC Supply Voltage 





Input Voltage 


CHARACTERISTIC 


High-Level 
Output Voltage 


STAILC ELECTRICAL CHARACTERISTICS  (Vgg=0V) 


SYMBOL | TEST CONDITION 


Vin=Yss» Vpp 








Low-Level 


| Output Voltage 


Output High 


Current 


Output Low 


Current 


Input High 


Voltage 


Input Low 
Voltage 


Input 
| Current 
3-State 
Output 


Leakage 
Current 


| Quiescent 


Cevice Current 


ale 
“a 


Vou 
VoL 


Tou 





Igur |<1uA 
Vin=Vss> Vpp 
VoH=4.6V 
Von=2 - 5V 
Voy=?-V 
VoHu=13.5V 
VIN=VSS, VDD 
VoL=0.4V 
VoL=0.5V 
VoL=!- 5V 
ViIn=Vss, VppD 
Vout=9.-5V, ae 
Vout=1-0V, 9. 
VoutT=1.5V,13. 
Tour |<1luA 














Vout=0- SVs a. 5 


VouT=1.0V, 9. 


Voyr=l. 5V,13.. 





Tour |<1uA 








1x 


All valid input combinations. 
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TC5012BP/BF 





DYNAMIC ELECTRICAL’ CHARACTERISTICS (Ta=25°C, Veg=0V, Cy=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION Vpp (Vv) MAX. 


Output Transition Time 130 400 


200 
(Low to High) 100 






















be 

uUown 
UO 
Ou 


Output Transition Time 
(High to Low) 


Propagation Delay Time 


COLH 
(IN - OUT) 


Propagation Delay Time 


HL 
(IN - OUT) P 


ct 

ry 

an 

i 

il on 
tat uUr Om tn 
w &~ 
Aono 
HFN 
oon mon 
an a a 


Wm 
( > 
NO 
© 
Ov 
ie) 
© 








15 100 200 

5 320 500 a 
Three State Disable t pHZ 10 980 450 
(DISABLE —- OUT) 15 250 400 

Three State Disable t 

ae eo pLZ 10 320 500 
( =i) 15 270 450 
Three State Disable 5 280 400 
42H Rp=1k2 10 140 200 





(DISABLE —- OUT) 


bt 
Nn 


Three State Disable 
(DISABLE - OUT) 


Input Capacitance 


WAVEFORM FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 WAVEFORM 2 


DISABLE 


OUT PUT 


OUTPUT 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC5018P 4 BIT BINARY COUNTER WITH CLOCK GENERATOR 


TC5018P is four digit binary counter equipped with 
CR oscillator circuit to automatically generate the 
clock pulse and RS flip-flop to provide the clock 
input by mechanical contact points. 

The Outputs are buffered by N-channel open-drain 
Structure which enables to directly drive two TTL 
IC's or LED components. 

Usually, binary codes are obtained at four output 
with SELECT input being "H", but if SELECT input is 
set to "L", scan output which shifts "L" level on 
Q1-Q4 in sequence is obtained. This is suitable for 
applications such as channel scanner. 















ABSOLUTE MAXIMUM RATINGS 


SYMBOL RATING 
V 
V 


Input Voltage IN 

Output Voltage 

DC Input Current 

Power Dissipation 


Storage Temperature r 
Range EEE 


Lead Temp. /Time 260°C + 10sec 


LOGIC DIAGRAM 





INT} 


" RESET 


SELECT 
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TC3018P 


DIP 14 (3D14A~-P) 


PIN ASSIGNMENT 


EN 
RESET 
SELECT 
EXT 2 
IN« 
INo 
IN| 
EXT 4 


it 





TC5018P 





TRUTH TABLE 


INPUTS | ; Count operation 
; scan Operation 
CL ; Clock Pulse 
x 3; Don't care 
(Note) Outputs change the 
state at the rising 


edge of CLOCK. 





RECOMMENDED OPERATING CONDITIONS (VSS=0V) 


CHARACTERISTIC SYMBOL 


Input Voltage 7 


ELECTRICAL CHARACTERISTICS (VSS=0V) . 


















TEST VpD 

CHARACTERISTIC |SYMBOL ) 

fousscrensstie |e] comeerons [WS Rf MA RE A 

Low Level el I< [uA : ‘ : 
VoL OUT 

Output Voltage | . ; 


Vin=Vss, Vpp 
Low Level 


= 
Oo WM 
Oo oO 
Oo © 
wm uw 


wm 
Wo ° 
Oo wm 
NW Oo + 
Oo wu Oo MN 














Output Current 






VouT=0.5V,4.5V 
| VouT=1-0V,9.0V 


5 

10 
Perea 
VouT=0.5V,4.5V | 5 | 
VIL | voyr=1.0V,9.0V |10 

2 [Fon bk 

Teskage Cuceene| 298 | Wor = 120 [2 | ~ 
a 


| Input ITH VIH = 12V_ 





High Level. 





Input Voltage 






Low Level 






Input Voltage 









SIR | 

DO [NO 
| 

© 

Wo 


© 
Sy) 


© 
ls 


Quiescent 
| Current 
| Consumption 





VIN=Vss, Vpp 
ok 










ra 
On 
i BD 
Oo Oo 





x All valid input combinations 
& Ry, = 10 ko 
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SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V) 


TEST | | 
RA . | 
| 5 | 200 
10 | 
5 


Output Fall Time CTH, ns 







100 


750 1800 






(LOW- HIGH) 
| Propagation Delay Time | 
PG ANT = iQ) | 
| (HIGH-LOW) 

Propagation Delay Time 
| CANT = Q)) 
(LOW~ HIGH) | 
Propagation Delay Time 
AC EATS Or) 
(HL GH-LOW) 


| Propagation Delay Time 
CB E2oeO. 2) 





tpLH 
3 900 


500 1500 








CO 
Be 


0) 






n 








bp 
Mm | © 








tpHL 







200 600 
750 1800 







380 900 
500 1500 









200 600 


= = 
SS wis 
w 








a 
Wi ce Sr) 






























(LOW-HIGH) 380 100 
|} Propagation Delay Time | 
( SELECT ~ Q ) 140 500 
(HI GH-LOW) 200 600 
Propagation Delay Time 
p ASSELECT 0) | 90 300 
(LOW-HIGH) 550 1500 
Propagation Delay Time 
| ( RESET - Q ) 300 900 : 
(HIGH-LOW) 400 1500 
| Propagation Delay Time 
( RESET - Q ) 150 900 






| Max. Clock Rise Time 





iMax. Clock Fall Time 





IMin. Pulse Width 400 


09) Nn n n 


5 
5 1.0 
Max. Clock Frequency 10 MHz 
5 1.0 MH 
Max. Clock Frequency 10 2.0 Z 


| Output Off Capacity 








ERR | 
| 


Input Capacity 


Wn 
log 
| 4 
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‘TC5018P 





SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


MEASURE MODE 

(INT]-Q) DELAY 

(EXT2-Q) DELAY 
(SELECT-Q) DELAY 





P.G.;PULSE GENERATOR 
(£=500kHz,DUTY RATIO 
50%) 


WAVEFORM 


1(IN1-Q) , 2(EXT2-Q), 
3(SELECT-Q) ,5(fcy,) 


INPUT FROM 


Q1(1,2,5) 
on Q2vQ4 (3) 


4 (CLEAR-Q) 
INPUT FROM P.G.1 


INPUT FROM P.G.2 


OUT QL 


OUT Q2 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 






TC5020BP HEX LOW-TO-HIGH VOLTAGE TRANSLATOR (INVERTING) 
TC5020BP contains six circuits of level converters 
which convert the signals from low power supply 
voltage logical systems to the logical signals for 
high power supply voltage C2MOS systems. 

This is most suitable for interfacing between TTL, 
MDTL systems and C2MOS systems, and between two power 
supply voltage C2MOS systems. 

Normally, Vcc is connected to low voltage power suppl 
and Vpp is connected to high voltage power supply, 
however this can also operate having Vcc and Vpp 
common. 

When the input is "H'', some amount of Icc flows 
because of circuit structure. 

















ABSOLUTE MAXIMUM RATINGS 


Vss-0.5~Vppt 


Storage Temperature 


-65~150 = 
Range 





260°C - 10sec 


oe 
Fe 
by 
a 
Fe] 
> 
a 
Oo 
oO 
aa 
fx] 
> 
fe] 
4 


Vsg 


Ry== 160kQ_ 
*% PARASITIC DIODE 








TC3020BP 


DIP 16(3D16A-P) 


LOGIC DIAGRAM 





PIN ASSIGNMENT 


Oro no fF WA wD PB 


< 


HAA 





TC5020BP 





RECOMMENDED OPERATING CONDITIONS (VSS=O0V) 


CHARACTERISTIC SYMBOL CONDITIONS 
7 
| Supply Voltage (1) a Vcc = Vpp 
~ VCC | 
Supply Volta 2 fe VeG 2 
BE eee Ae Wap din 









Tapat Voltage [Vin [SSS 
Dpetataing Ten. 80 


ELECTRICAL CHARACTERISTICS (VsSs=0V, Vcc=VDD) 


CHARACTERISTIC | SYMBOL 


| High Level lIoyt!< 1lnA 
| Output Voltage VIN = Vss 


Low Level 
| Output Voltage 


| High Level 
Output Current | 


| Low Level 
Output Current 


High Level 
| Input Voltage 
| Low Level = 
Input Voltage = | 
Iout| < lwA 


Quiescent 5 

Current VIN = Vss,Vpp|_ 10 
* 15 

Quiescent joe 


VoH 
VOL 
lon 


Consumption 
Current IccH |VIN = VpD 


BNF 
he OW }/OO © 


Consumption 


mentees 


ooo 





VI 
VIL 
ITH 
: is 
Ipp 
| Quiescent. 
Current IccL |VIN = Vss 
Consumption 


x All valid input combinations 
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TC5020BP 





SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL=50pF) 


CHARACTERISTIC SYMBOL ONDI 


Output Rise Time i 
15 


5 
Output Fall Time 10 
15 


5 
10 
(LOW-HIGH), 15 


Propagation 


Delay Time a 


15 
15 


5 

(HIGH-LOW) 
Propagation 

Delay Time “ 10 

me 





SWITCHING TIME TEST CIRCUIT 
Ipp, Icc TEST CIRCUIT AND WAVEFORM 


f=500kHz 
DUTY RATIO 20ns 
=50% 


OUTPUT 





MI 


| 


—— ee 
——— 


——————— 
————— 





—— 165 023BP C?MOS DIGITAL INTEGRATED CIRCUIT 
=— I SILICON MONOLITHIC 


TC5023BP 16-LINE DATA SELECTOR/MULTIPLEXER 
TC5023BP is data selector which selects one of 16 
input signals Xg~X 15 according to binary address 


inputs A, B, C and D. 


The data input (Xp) which corresponds to the binary 


address appears inverted on output Zz 
If STROBE input is set to "H", output Z becomes "H" 


regardless of other inputs. 





ABSOLUTE MAXIMUM RATINGS 


Vss-0.5 ~Vsst20 
DC Input Current 


RD 
Tsteg 
Tsol 


Xv Xe X5 Xqg XB Xe Xj Xo 






























Power Dissipation 








Storage Temperature 
Range 











Lead Temp./Time 260°C - 10sec 


LOGIC DIAGRAM 

















TRUTH TABLE 


INPUTS OUTPUT 
B ST F 











oO 



























Yx Yeo a Yo 








8-CHANNEL MULTIPLEXER 


= 


Ys Ys Yeo Yy 





a 


Himiris yaya ye 
Hie aie seo 


























OH @o &) & 


Xg Xg Xji0 X12 X12 X13 X14 X15 
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TC5023BP 





RECOMMENDED OPERATING CONDITIONS (VSS=0V) 


a a! Ae eA 


Supply Voltage $f =} a <a ee 
ae a a 
Ton eS ar ae eee 


ELECTRICAL CHARACTERISTICS (VSS=0V) 


0% 
CHARACTERISTIC SYMBOL|TEST CONDITIONS a UNIT 


4.95 




















Input Voltage | 
Operating Temp. 




























High Level 1 IoutTi< [pA 9.95 
VOH | Vv = Vss,V 

Output Voltage IN S»YDD 4.95 

Low Level V | Iourti< 1A 

Output Voltage OL | vIn = Vss,VDD 






High Level 
Output Current 





Low Level 
Output Current 


High Level Input 
Voltage 


VouT=0.5V,4.5V) 5 
Low Level VIL VouT=1.0V,9.0V; 10 
Input Voltage VouT=1.5V,13.5V) 15 











igh Level Vin = 18V 18 
Input 
CurrentLow Level! IIL VIL = le cee A . 
20 
40 
15 80 


Quiescent 


Supply Current TDD 


0.005; 20 oom 
0.010} 40 300 
0.015} 80 600 


SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL=50pF) 





x All valid input combinations 


Output Rise Time 


Output Fall Time 
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TC5023BP 





SWITCHING CHARACTERISTICS eee VSS=0V, ‘ces 


TEST 
CHARACTERISTIC S 

(LOW-HIGH) | 

Propagation Delay Time tpLH 

(Xn,A,B,C,D =, Z) 

(HIGH-LOW) 

Propagation Delay Time tpHL 1 

(Xn,A,B,C,D ~ Z) 


(LOW-HIGH) 

Propagation Delay Time | tpLH 
(STROBE —- Z) 

(HIGH-LOW) 

Propagation Delay Time tpHL 
(STROBE - Z) 


| Input Capacity : |All Inputs |All Inputs 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 





| TEST CIRCUIT 
TEST CONDITION 





= 
5 
O 
| 
e 


Bhd OW > wm 









0 WAVEFORM 
1 
2 
3 INPUT FROM 
4 P.G. 
Z 


‘ . 





X73 Z 
X14 
ot X15 (TEST 3) 
P.G.: PULSE GENERATOR DUTY RATIO = 50%, 


476 


crwos icrraL wrecraren cru = - TO Q24BP TCH025BP 





TC5024BP QUAD BUS BUFFER WITH 3-STATE OUTPUT ("H"-DISABLE) 
TC5025BP QUAD BUS BUFFER WITH 3-STATE OUTPUT ("L"-DISABLE) 


TC5O24BP/TC5025BP contain four circuits of buffers 


having tri-state outputs. As all the buffers are 


controlled by four independent DISABLE inputs, any 
buffer outputs can be placed in the high impedance 
Stave: 

The output becomes high impedance with DIS="H" for 
TC5024BP and DIS="L" for TC5025BP. 

Large output current enables to directly drive one 
TTL. These can be utilized as interfaces with 


system bus lines, multiplexers, etc. 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 


DC Supply Voltage Vss-0.5 ~ Vsgt20 





Input Voltage C Vss-0.5 ~Vppt0. 5 





Output Voltage Vss-0.5 ~Vpptd.5 





DC Input Current | +10 








Power Dissipation 300 





[Storage Temperature 
Range ° 


{Lead Temp./Time 260°C - 10sec 


-65~ 150 





LOGIC DIAGRAM 


4 TC5024BP Vpp 
DISABLE OQ 
OUT 
IN 
Vss 
1/4 TUSO25BP 
Vpp 
DISABLE 
OUT 
IN 
Vss 
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PIN ASSIGNMENT 


| TC5024BP 
Vpopp4) 41 40 SD SI sO 


| Ba) Sle by 
iD 21 POC2D 21-20 Van 
TC5025BP 7 _ 
Vpp 4D 41 40 3D 31 30 
14 [13]12 {12 [tol 9 | 8 | 


TC5024BP TESOROBEP 


inputs | ourput]] inputs | output | 
fin }prs] our pis{ our J 
HZ | 








I L L 





HZ , HIGH IMPEDANCE 


nh 


TC5024BP, TC5025BP 





RECOMMENDED OPERATING CONDITIONS (VsS=OV) 


ELECTRICAL CHARACTERISCS (Vss=0V) 


TEST VDD 
se | 4, : , 
High Level VoH |} loutTi< IA - 9 2 ; a Fy 
Output Voltage Vin = VSS,Vpp 15 14.95 14.95 15. 
fe) 0.05 0. 
10 0.05 0. 
15 0.05 0. 



















Low Level l\Ioyti< 1pA 

























Output Voltage VOL VIN = Vss,VDD 
VoH = 2.5V 5 {-1. . 
High Level I VOH 9.5V 10 : 
Output Current OH VOH 1 15 , 
VIN = VSS,VDD 
VoL = 0.4 5 J62 ; 
Low Level IoL | VoL 0 10 5.0 3.6 
Output Current VoL = 1.5 15 2420 18.0 
VIN = VSs,VDD 
High Level VouT=0.5V,4.5V . 
Input Voltage VIH VoUT=1.0V,9.0V | 10 . 
(IN, TC5024BP VoutT=l.5V,13.5V| 15 : 
DISABLE) | Ioyti< lA V 













wm 
pa 
rao Go 
oo Ww 


DISABLE) 


High Level 
Input Voltage 
(TC5025BP 

DISABLE) 


Low Level Vovi=0.5V,4.5V | 5 3 
Input Voltage VouT=l-.0V,9.0V | 10 z@) 
(IN, TC5024BP VouT=1.5V,13.5V] 15 0 














© 


VoutT=0.5V,4.5V 


5 4, 
VouT=1.0V,9.OV |.10 | 8. 
VouT=1.5V,13.5V) 15 |12. 


L 
H 
VouT=0 .5V,4.5V 
V VoutT=1-.0V,9.0V | 10 
IL VouT=1.5V,13.5V} 15 
DISABLE) | 


Input Vin = 18V 
Current VIL = OV 
Disable Vow = 18V 
| Current VoL = OV 


Quiescent 
Current 
Consumption 


VI 
VI 


in © 


Low Level 
Input Voltage 
(TC5025BP 






NO bo 
Mm © © 


NN eH 
WO © 





a 
oo U1 


© 
bo 


1 
© 
Wo 


an} 5@) 
oa) 


io 








Vin = Vss;Vpp 
* 


pt be ead Leal Sees 
U1 © Wr} coo |} oo 
I 


-e 
ON Of 
ooo 


* All valid input combinations 


478 


TCS024BP, TC5025BP 





SWITCHING CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC SYMBOL 





TEST 
CONDITIONS 


<j 
er 
who 








Output Rise Time 





kK 
KH 
Aly 
E 
ae 
S88 /E 
ooo] x 


se 

Zz 
- 
wn 1 ON WW 
2) Om oe 







be 
Come, 


















400 
200 
160 
| 5 100 | 200 100}; 200 
Output Fall Time CTHL 10 50 | 100 100 
15 40] 80 40 80 
(LOW-HIGH) 5 150 | 300 150{| 300 
Propagation Delay Time tpLH 10 75 | 150 75} 150 
( IN - OUT ) 15 60 | 100 60} 100 
(HIGH-LOW) 5 180 | 300 180 | 300 
Propagation Delay Time tpHL 10 75 | 150 75 | 150 
( IN - OUT ) 15 60 } 100 60 | 100 
5 95 | 200 | 70} 150 
tpHZ 10 50 | 120 50 | 100 
15 40 | 100 40 80 
5 300 | 600 130 | 200 
Three State L-HZ tpLZ 10 200 | 400 70 | 150 
Propagation . 15 190 | 300 60 | 120 
peta) Tne 5 100 | 200 70 | 150 
HZ-H tpZil 10 40 {120 40 80 
15 30 }100 30 70 
5 210 |600 130 | 200 
| HZ-L tpZL 10 90 | 300 60 |150 
15 60 | 200 40 | 120 

datpot Bisabie Capacity | cour [| —-+(Y - | |- [- [a0] - 


SWITCHING TIME TEST CIRCUIT 


Eo 


P.G.3; fIN= 500kHz 
DUTY RATIO=50Z% 


[2] 
= 
wa 
< 
EH 
ri 
= 
=) 
4 
= 
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-1050248P, TC5025BP 





SWITCHING TIME TEST WAVEFORMS 





WAVEFORM 1. 


| WAVEFORM 2. | WAVEFORM 3. 





20ns 20ns 
DISABLE DISABLE 
OUT OUT 
(SW=Vpp) (SW=Vpp) 
OUT OUT 
ae (SW=Vgs) 





TC5024BP LCSO0Z5BP 
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CMOS DIGITAL INTEGRATED CIRCUIT 16502 6BP 
SILICON MONOLITHIC 


TC5026BP DECADE COUNTER 


TC5026BP is DECADE UP COUNTER with two reset 
functions, RESET (9) and RESET (0) and can be used 

as binary counter, quinary counter or decimal counter. 
When two inputs of RESET (0) are set to "H", the 
content of counter is reset to O regardless of the 
clock and when two inputs of RESFT (9) are set to 


MH « 2 AS Seb to: 9. 

RESET (9) takes precedance over RESET (0). 

The outputs change their states at the falling edge 
of count inputs (INA and INp). 





ABSOLUTE MAXIMUM RATINGS 

[_ciasacrerisric | 

DC Supply Voltage VpD 
VOUT 

DC Input Current 


Power Dissipation 















Input Voltage 









Output Voltage 









Storage Temperature 
| ee 
Lead Temp./Time 260°C + 10sec 


LOGIC DIAGRAM 











COUNT MODE B 





COUNT MODE A 












COUNT OUTPUTS 


A , Separate 
mode. 

B:3 TNp shou dd 
be connected 

to Qa 





Se eee 
EE GEREREERE 






PRE REPRE 


BREE EER ERE 
ee 
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AIM 





TC5026BP 





RECOMMENDED OPERATING CONDITIONS (VSS=O0V) 
CHARACTERISTIC SYMBOL 
Supply Voltage | 


Input Voltage 
Operating Temp. 





ELECTRICAL te [roles (VsS=0V) 


| CHARACTERISTIC 


High Level |} ITouTl< 1A 
Output Voltage VIN = Vss;> Vop| + 


0.05 
i 
Low Level 1 Lopt!< 1A 0.05 


Output Voltage VIN = Vss; Ypp |} 0.05 


‘High Level 
Output Current 


Low Level 
Output Current 


High Level Input 
Voltage 


VouT=0 .5V,4.5V 
Low Level VoUT=1.0V,9.0V 


Input Voltage 
l Ioyt!< aA 


Input ae = 


Quiescent Cur- 
rent Consumption VIN = VSS; VDD 
x 


* All valid input combinations 


SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, — 


iG: Ee 





ae} = [8 ‘ 





SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL=50pF) 


CHARACTERISTIC SYMBOL TEST MIN. TYP. MAX. UNIT 
CONDITIONS Vpp (V 


(LOW-HIGH) 
Propagation Delay Time tpLH 


Ur 
ww 


ee 

itiin & 
ee ee COM Ul oe ee Se) 
Pt MN FH] w DBD £& 
Oo Oo O10 0 0 
ho Wo [o> ho Uo ~ 
Mm GW Wyo WwW WN 
oOo © OL 0C0 Oo © 
_# | 

nn 


(HIGH-LOW) 
Propagation Delay Time 
(INA, INB - Q) 


tpHL 10 


15 
(LOW-HIGH ) 


Propagation Delay Time 


(R(O), Rg) - Q) 


tpLH 10 


ns 


(HIGH-LOW) 
Propagation Delay Time 


(R(QY, RYQ) - ® aun 


120 





Max. Clock Rise Time 


Max. Clock Fall Time 


CrcL 
Cech 






Max. Clock Frequency 


. t 
(INA, INp) cL 10 
: 15 
5 
. t 
Min. Reset Pulse Width (RESET 10 


5 350 700 
10 150 300 
15 250 





Input Capacity CIN 


SWITCHING TIME TEST CIRCUIT 


TEST CIRCUIT 1 tpLH,tpHL(INa, INB-Q) TEST CIRCUIT 2 tpLH,tpHL(Ro,R9-Q) 
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TC5026BP 





SWITCHING TIME TEST WAVEFORMS 


WAVEFORM 1. tpLH, tpHL (IN,,INB - 


IN,, INR 


Qa & QD 
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C’MOS DIGITAL INTEGRATED CIRCUIT 165 02 TBP 
SILICON MONOLITHIC 


TC5027BP BINARY COUNTER 
TC5027BP is four bit binary up counter with the reset 


function and since the clock for the first stage is 


independent from the clock for the second through 


the fourth stages, this can be used as binary, octal 


or hexadecimal counter/divider. 

When two inputs of RESET(O) are set to "H", the 
content of counter is reset to O regardless of the 
clock. The outputs change their states at the 


falling edge of count inputs (INA, INp). 





ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage Vss-9.5~Vsgt20 
Vss-0.5~Vppt0.5 
Vss-0.5 ~Vppto.5 



















UNIT 
V 














Input Voltage 





Output Voltage 








DC Input Current 





TRUTH TABLE 





Power Dissipation 





Storage Temperature 
| Range 










Lead Temp./Time 











LOGIC DIAGRAM 


* Don’t care 
COUNT es A 


COUNT 
NO. 















COUNT MODE B 


COUNT | ouTPuTS | 





O 
Q 
r 
6) 
GQ 
K 
na 








a 
Q 
ie 
w 









SPE ae 










A ;, Separate 









Pee Ae sae 


ees ee eee eee 
EREGEREREEEEERaEE 


eee ee ee 


aeee 


mode. 
10 
B; INp should : 
11 H 
be connected Es 











= 
ra) 
5 


Ei 
ip 
ee 


to Qa. 





G 
CW 
a 


Be 





fob 
Lon 
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AAA 





TC5027BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 
CHARACTERISTIC 
Supply Voltage 
Input Voltage 
Operating Temp. 


sABCTRICAL CHALA 
CHARACTERISTIC 
High Level | Tout!<jpA — 
Output Voltage VIN = Vss;VpD 


Low Level \IouTi< A 
Output Voltage Vin = Vss;,VpD 


High Level 
Output Current 


Low Level 
Output Current 


Vout=0.5V,4.5V 
High Level Input VouT=1.0V,9.0V 
Voltage VouT=1.5V,13 .5V 


Vout=0 .5V,4.5V 
Low Level VoOUT=1.0V,9.0V 
Input Voltage 


lTout!< A 
Input 
Current 


Quiescent oe 
Supply Current 15 


*A11 valid input combinations 


SWITCHING CHARACTERISTICS SOpF 
D 


. _ 
CHARACTERISTIC SYMBOL| TEST CONDITIONS UNIT 
5 130 400 | 
CTLH 65 
ns 
| 40 


486 















Output Rise Time 










Output Fall Time 





TC5027BP 





SWITCHING CHARACTERISTICS (Ta=25°C, Vag OV, C,=50,F) 


CHARACTERISTIC SYMBOL TEST 
CONDITIONS 
(Low-High) Propagation 
Delay Time 
(INA, INB — Q) 


310 


120 


250 
120 


t 
(High-Low) Propagation t 
Delay Time 
Q) 
t 


(High-Low) Propagation 
Delay Time 


Max. Clock Rise Time trch 
Max. Clock Fall Time tech 
; Frequency 
(INa, INp) 
Min. Reset 
(RESET) 


f 
t 


pLH 
pHL 
pHL 
CL 
W 

\ 


5 . = 
TEST CIRCUIT Ll pLH? t OHL (IN, > IN, Q) 


WAVEFORM 1. CLE? T 
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TC5027BP 





SWITCHING TIME TEST WAVEFORMS 


| WAVEFORM 2. tpHL (Ro - Q), tw , 


20ns 


SoS ee! DD) 
INA 
Vss 


20ns .20ns 
VDD 


RO(1)°ROQ(2 | ia. 2I0Z 50% 
aia | /50% 50% 
f 10% CAS 


tw 
VoH 


VOL 
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C’MOS DIGITAL INTEGRATED CIRCUIT TE5029BP 
SILICON MONOLITHIC 


TC5029BP QUAD 2-INPUT NAND GATE WITH N-CHANNEL OPEN DRAIN OUTPUT 
TC5029BP contains four circuits of 2 input NAND gates 






having its respective outputs of N-channel open drain 







structure. 





Since the drain voltage of output transistors are 






guaranteed up to 26 volts, these can be used for wide 






range of applications such as level shifters and 


drivers, and the wired OR arrangement is also easily 





obtained. Please utilize these for level shifters 





DIP 14 (3Di4A-P) 





for P-channel MOS, controlling analog switches of 





positive/negative power supplies, etc. 










PIN ASSIGNMENT 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 
D 


[DC Supply Voltage Vp 
VIN 












Input Voltage 
Output Voltage 





DC Input Current 












Power Dissipation 





Storage Temperature 
Range 












260°C - 





jLead Temp./Time 10sec 


CIRCUIT DIAGRAM TRUTH TABLE 


INPUTS OUTPUT 
= [> 
HZ 


1/4 TCS50R29BP 





L L 
L H 


HZ ; HIGH IMPEDANCE 


B 
‘DHE 
B 

Vsg 
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SS 
ra ree 
OL 
—— 
Na 
re 
Sr 
—— 
——— 
NO 
———— 
—————— 
—_——_— 
——_——<$<$_—— 
a 
eae 
Re 
————— 
eS 
—_——_[—_ 
ee 
Nae 


TC5029B 





RECOMMENDED OPERATION CONDITIONS (Vss-OV) 


Supply Voltage a a nn ee ee eae 
Tapa velcase | vm | CO | lp 


ELECTRICAL CHARACTERISTICS (Vgo=OV) 


TEST 7 
CHARACTERISTIC SYMBOL DD UNIT 
CONDITIONS (V) MIN. MAX.|IMIN. TYP. MAX.| MIN. MAX. 
5 . : 


Low Level Tout <1yA < 0.05 Hoe 
Output Voltage ViIn=Vss3Vpp mn . ee 


Low Level 
Output Current 
















High Level 
Input Voltage Voyt=1-5V,13.5V 
KK 


Tout <luA 


VouT=0.5V,4.5V 
Low Level VoutT=1.0V,9.0V 


Input Voltage a7 Voyt=t- 3V,13 5V 


ale ole 
an 





Output off 
Leakage Current 


Input 
Current 


Quiescent Current - 
Consumption 


* All valid input combinations. Outputs open. 
** Rp =20KQ 
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TC5029BP 





SWITCHING CHARACTERISTICS (Ta=25°C, Vss=OV) 


CHARACTERISTIC 


Output Fall Time 


(Low-High) Ry =1K2 


Propagation Cr=15pF 
Delay Time 











(High-Low) Rp =1KQ 


EEOPABAT Ou Cy =15pF 
Delay Time 











(Low-High) . Ry =10KO 
Propagation 
Delay Time Cpa lope 








eno) Ry =1OKL 
Propagation | 
Delay Time Cy =50pF 





SWITCHING TIME TEST CIRCUIT AND WAVEFORM 


TEST CIRCUIT WAVEFORM 


TEST CONDITION 20ns 20ns 


INPUT 
FROM P.G. 


(f£ty=50kHz, DUTY RATIO=50%) 
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~1¢5032P 


TC5032P 6-DIGIT DECADE COUNTER 


TC5032P is six digit decimal counter whose BCD output 
of each digit is dynamically output in sequence from 
the higher order digit on BCD OUTPUT in synchronism 
with SCAN input. As the carry outputs are available 
from all the digits, other counters and control 


circuits can be easily driven. 


By using BC (Blanking Control) input, leading zero 
suppress from arbitrary digit can be achieved without 
external circuits. 

Since the first stage counter can respond up to 1LOMHz 
(Vpp=5 volts), this is also suitable for counting and 
frequency dividing of high frequency pulses. | 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 
DC Supply Voltage a 


Input Voltage 




























storage Temperature 
Range: 





260°C 10sec 


TyTotalyTste 
OaQnoo0onad Oo 


LANKING 
D 
aouan igen || DECODER 


MULTIPLEXER 


| ares: | 


Eel ee 

SLO pom 
LATCH 
Fs ae 
| 
1/10 


nao 


[carca 


CARRY BLOCK 
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C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 





(TOP VIEW) 


ee ae sae ee 
is Ba Oe 
azo | Ea 


OVER FLOW 
LATCH 


_O 
OVE 





TC9032P 





PIN FUNCTION & NAME 
PINNO. SYMBOL NAME FUNCTION | | 
TL | 


T2 through D the Sequence is descending order from 77, 































a Outputs to indicate the digit of output signals Agur 
| | — as OUT’ oe — 
3 T3. With TR="H", all of Tl through T6 become "H", and when 
4 Th Th TR failis, Tl becomes "L". Then, "L" is shifted in sequence 
at it ae 
TS P25. TS by each 4 clocks of Siy' 
| 6 | ae 
5 Ry Leave open when an external clock is applied from Say’ 
XT When no external clock is available, clock can be generated 
by externally connecting a resistor between Syy and Rpy 
T-COUNTER CLOCK input. T-COUNTER changes its state at 
TN the rising edge of Syy- 
are | CLOCK INPUT Decimal counter clock input for the lowest order digit. 
10 Agyz | ATOUTPUT Decimal counter BCD output. When Tl="L", the highest 
} 11 Bour | BrOUrTPUT order digit (6th digit) is output. Then, 5th digit is out- 
12 Cour C-OUTPUT put with T2="L", 4th digit with T3="L", ---, lst digit with 
13 Dour D-OUTPUT T6="L". During BLANKING, all the outputs become "H". 
}14 | Yss | ‘sg (co) Eanes 
CAl CARRY 1 Carry is "xxxxx6"'xxxxx9" otherwise "H". 
CA2 | CARRY 2 output "xxxx96''xxxx99" otherwise "H". 


'L" when count is "xxx996'~"'xxx999", otherwise "H". 


CARRY 3 from 































CARRY 4 eae 'L" when count is '"xx9996""'xx9999" otherwise "H". 
CARRY 5 tere 'L" when count is '"*”99996'"~'x99999" otherwise "H". 
CARRY 6 ———- 'L" when count is "999996"'999999"| otherwise '"'H"'. 
W Detection terminal of OVER FLOW condition of counter. 
oie 2E0n When the counter advances by one from "999999", it becomes 

"H'. Once it has become "H", only MR can restore it to "L". 
BLANKING ds pr ia es ema If Tn is connected to BC, zero sup- 
CONTROL oo an : : press is activated for the higher 
order digits than (n-1)th digit. 
= mpl 
INL INPUT 1 ny 


Only the lower order four digits are counted. 

Decimal counter output is transferred to the 
multiplexer as it is. 

Counter output at the falling edge of TRF is latched. 


"Hy"! All the digits are counted. 
INPUT 2 nap 





TRANSFER 


T-COUNTER _ T-counter is initialized to Tl by "H" level input and 
RESET 


Tl retains "H" level only for the period of TR="H". 
MASTER "H' level input resets the counter to count "000000" 
RESET and OVER FLOW to "L". 


DD Vip Power supply (3~8 volts) 
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v6v 


TR 


TRF ¢c 


CP 


MR 


IN2 
IN1 


0 Od 
INO 
dod 


O 
dze£0c91 


 WVWaOVId OID0T 


a 


YHLNNOO-L 
> 


























TC5032P 





TIMING CHART 
T-COUNTER TIMING CHART 


T-RESET 


SCAN IN 

Sa 
aa a. Se Tl. OE. eS 
ee ee 
— = Rh 
ih aE SON | ee 
Soa oe a ee a a 


( BS) 





DECADE COUNTER / CARRY TIMING CHART 


CLOCK 
( 1A ) 
( 1B ) 
( Ic ) 
CID") 


CAj (1CA') 
CA9 


CA3 
~ CA4 
CA5 


CA6 
OVER FLOW 





* Waveforem marked with ( ) are timings of LSI's internals.(Refer to LOGIC 
a DIAGRAM) 
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OPERATING CONSIDERATION 


* 


* 


* 


Count Operation 

Set input terminals IN], IN2 and TRANSFER to "H" and apply "H'" level to M- 
RESET terminal, then return it to "L" level. If pulse is fed to CLOCK terminal 
in this condition, the counter advances its count at the rising edge of CLOCK 
up to 999999. 

Since CARRY outputs from all the digits are output in negative logic, the 
control of other CMOS logics can be easily achieved. 

CAl - CA6 are output with "L" level for four clock periods. (Refer to the. 
timing chart.) 

If one more clock is given in the count of 999999, OVER FLOW terminal 
becomes "H" indicating the overflow condition of COUNTER. Once OVER FLOW 


terminal has become "H", it will never return to "L" unless M-RESET is applied. 


Latch Operation 

When the level of TRANSFER terminal is "H"', the counter output is trans- 
ferred to the multiplexer as it is with the output always indicating the counter 
output, but if TRANSFER terminal changes the level from "H'" to "L", the count 
output which has been being output immediately prior to the falling edge of 
TRANSFER is stored in the latch and even if the counter output varies, Aoyt - 
DoutT will not vary. 

If TRANSFER terminal is returned to "H" again, the correct counter output 
appears on Aout - DOUT. 
Scan Operation 

BCD outputs of all digits are output to common Agyt - Doyt on the time shar- 
ing basis and the basic clock for this operation is fed from outside to SCAN IN 


(leaving Rpyrp open in this case) or obtained by connecting a resistor between 


BCD output for each digit appears on AOUT - DOUT corresponding to each digit 
of 6 digit scan signals (digit signals) which are in synchronism with the rising 
edge of SCAN IN. The digit output for digit selection is output with "L" level 
on T1 - T6. As BCD outputs are output starting from the highest order digit 
(T] — 6th digit, ..... T6 — 1st digit), data transfer can be easily achieved. 

* The relationship between external resistor between REXxT and 


SCAN IN and oscillating frequency is given below 


; ai 
fe 12 
ik xR 10 [Hz ] 
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* Blanking 
By controlling BLANKING CONTROL terminal, leading zero suppress to an arbitrary 
digit can be easily achieved. When zero suppress is activated, all of Agyr - Dout 


become "H". 


BC Terminal and Zero Suppress 


Leading Zero Suppress 


Zero suppress for all digits * 


Zero suppress for five higher order digits 
Connected to and no zero suppress for the lowest order 

digit. 

Zero suppress for four higher order digits 
Connected to and no zero suppress for two lower order 


digits. 


Zero suppress for three higher order digits 
Connected to and no zero suppress for three lower order 
digits. 


Zero suppress for two higher order digits 
Connected to and no zero suppress for four lower order 
digits. 


Zero suppress for the highest order digit 
Connected to 


and no zero suppress for five lower order 
digits. 


When carry is generated from lower order digit, the normal output 


may not be obtained only one cycle of T-COUNTER, 
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RECOMMENDED OPERATING CONDITIONS (V.,=OV) 


CHARACTERISTIC SYMBOL 
Supply Voltage Von 
van 
T 
OD 
e R 


op 
rout Voltase | My 


Operating Temperature Eee 
Rext External Registan Reet 


TEST lv 230: 85"C 
CHARACTERISTIC SYMBOL] conDITIONS 


[a [a [ [a 
You | iggstoa [5 
T ° 
T . 












Go 
© 
io) 


<0 
oO 


Sle 
4 
Nom m= 
1S | 





~ 5 
© 
Si 





wm 









cp) 
“si 
© 
Nn 






oa 


= 
W 
© 
lo 
ON 


No 
NO 
(Ca) 
Ole 
me iin 
wm 
Wo 
Ox) 


Oi 
iin 
Sy) 


i. 
voy | 8 


At all 5 
conditions g 


SWITCHING CHARACTERISTICS (Ta=25°C, V.,=OV, C,=15,F) 


| 800 
ns 


800 | 2000 
Propagation Delay t 1000 
Time 1000 


© 
ft 
nn 





Quiescent Current 
Consumption 


/] . 
FF OFFI F IR © 
Oo wl;or;} olsun © 
[oni 


Oo & 
i 





=) 
oO 


(CP - BCD OUT) | | 1500 | 3000 


“~~ 


(CP - CARRY OUT) ne 
(300)| 1000 _ 


Max. Clock Rise Time 
Us 
Max. Clock Fall Time 
0 
Min. Clear Pulse he ey 


. 500 
Propagation Delay 
Time 
750 
50 


o~ 
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SWITCHING CHARACTERISTICS (Ta=25°C, Vo g OV, C rt? pF) 


Propaga- |(14, latigh-Low “pun | | MR-BCD OUT OUT _— | 2000 | 


CON or ge oe ee 1500 
Propagation | “pL, pHL | sin-ecp our | 5 | - | 2500 
Delay Time age 
01 Pa CLOCK IN Zee | 


* fcp-1; Clock burst mode. fc,-2; BCD outputs enable. 





Inp TEST CIRCUIT 


TC5032P 


* PULSE GENERATOR ; (DUTY RATIO=50%) 





SWITCHING TIME TEST CIRCUIT 


O—O—O—O--0O—O 
DD oo Tatahatatstebe 
pout 
C 
D 


OF 


fd 
| 
fQ 
<f 
EA 
an 
5 
me 
EH 


6 





P.G.1nd 5. tp=te=20ns 
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SWITCHING TIME TEST WAVEFORMS 
WAVEFORM 1. 


- CP 


Cin 






fe = 8 
MR, IR, SIN **CP INPUT : f=500kHz(except fcj,), DUTY RATIO=50% 


WAVEFORM 2. (CP-BCD OUT), (f£¢7-2) 















20n 20ns 
V 
CP DD 
Vss 
VoH 
Aout = DouT 
VOL 
tpLH 
* MR, TR="L" STN=MANUAL PULSE 
**kCP INPUT : f=250kHz (except fcz,), DUTY RATIO=50% 
WAVEFORM 3. 
VDD 
SIN 
Vss 
Aout © Dout 
Ta 
*MR,TR="L", CP : MANUAL PULSE **StnN : f=250kHz, DUTY RATIO = 50% 
WAVEFORM 4. (MR-BCD OUT) WAVEFORM 5. (TR-DIGIT OUT) 
20ns Ons 
“MR VDD TR VDD 
Vss Vss 
VoH VoH 
| Aout © DouT 
AOUT © DouT 
VOL tpLH VOL 





*TR="L",CP: PULSE GENERATOR,SIN:MANUAL PULSE *MR="L",StnN:MANUAL PULSE, 
CP: PULSE GENERATOR 
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TC5036P, TC5048P 17-STAGE HIGH SPEED FREQUENCY DIVIDER 


TC5036P and TC5048P are 17-stage ripple carry binary 
counters equipped with inverters for crystal 
oscillators. 

As the first stage through the fourth stage are 
Idynamic type counter, the high speed operation can be 
obtained but the operation starting from DC is not 
possible, so that these should be used in the range 
of £MIN ~ fMax- 

If g input is opened (¢="L"), the inverted output of 
9th stage appears on FC terminal. If ¢ input is set 
to "H", 9 stages from 9th stage through 17th stage 
can be also independently used having FC terminal as 
the clock input. 

Outputs can be derived arbitrarily from stages 4, 12, 
13, 14, 15, 16 and 17 of TC5036P and stages 4, 5, 6, 
7, 14, 16 and 17 of TC5048P. PIN ASSIGNMENT 


DIP 16 (3D1 6A-P) 





ABSOLUTE MAXIMUM RATINGS TC5036P 


CHARACTERISTIC SYMBOL RATING 


VppL. + Vssi-0.s~ Vssitlo 
Vpp2 


VIN 





















DC Supply Voltage 
Vssg1-0.5~ Vppit0. 


5~ Vpp1+0. 
Vgs1-0.5~ Vppit0. 
5 ~ Vpp1+0. 



















Input Voltage 














Output Voltage 









DC Input Current 





Power Dissipation y 
DD1 


Vpp2 » 











Storage Temperature 
Range 


Lead Temp./Time 


TRUTH TABLE 


TNE UTS 

















TC5048P 


260°C + 10sec 





FUNCTION 
(See Timing Chart) 







/_ 4 
fog =fxt 72 


Qs~Qi7="L" LEVEL 






fan = fxr goat 





n°; 5 17 
















fon = fxyp /2" n; 5~%” 


fom = fro /26B-8) m; 12~1" 
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TC5036P, TC5048P 


BLOCK DIAGRAM 


Q5 


Q6 


Re | ! iS ts LS D 
= eae DYNAMIC STAGES ‘ Q ‘ Q r Q 4 Q 
a rile |ilRejlR 


STATIC STAGES 5 - 7 
ali Bll o-=: Ly 


Ql7 Q16 QiI5 «=Qi4) —Q13-s Q12 RE200 kQ VSS1 





TIMING CHART 











XT (IN) 


RESET (IN) 


Q4 


Q5 









(RESET = "L") 


© PCRLALPLAL 
- Le ae geeeneee 


Q7 z * 


oe Oe TY 


(d="H"," RESET= sl Bia 





FC(IN) 
Q12 | | : | | 
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RECOMMENDED OPERATING CONDITIONS (Vgg1=Vgg2=0V) 


aC rmCOeaaen! |g aalmcaenCRmMnaINE (A. Salk iGcetal SR Wa 
3 CS 


7 pay 








Supply Voltage 


Input Voltage 
Operating Temp. 















TC5036P, TC5048P 

































| 
CHARACTERISTIC SYMBOL TEST 
CONDITIONS 


High Level 


put _ Voltage 
Low Level 
Output Voltage 


























High Level 








Output 
Current 











Low Level 
Output 
Current 








Input Voltage 

Low Level 

Input Voltage 
High Level Input 
Current(@xcrpt XT,9 
Low Level Input Cur 
rent (except, XT, 4) 
Jperating Current 
Consumption(TCSO48BP 





CHARACTERISTIC 
Output Rise Time(Q OUTPUT) 
VuePUE Fall Time(Q OUTPUT) 


























reap = [a 


oe [= 








Input Amp Vias Resistance 











Propagation Delay Time (XT- Q4) 








Propagation Delay Time(XT-Q}7 





Prop. Delay Time (RESET-Q) 








t a] 
tw (RESET) 


Min. Clear Pulse Width 





fMAX (XT) 


Max. Clock Frequency 





fMIN (XT) 
£MAX (FC) 








Min. Clock Frequency 














ock Freque 
Clock Rise Time 


Max. Clock Fall Time 





Wm | al C2} a} Ul! Ul oo 








linput Capacitance except FC 
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TC5036P, TC5048P 





SWITCHING TIME TEST WAVEFORMS 








WAVEFORM 1. 
1. fMAX(XT), EMIN(XT), trLH, tTHL, tpLH» tpEL 
20ns 20ns 
XT 
50% 
CTHL 
ay: 
Q4 10% 
r 
tpLH = 
je 
Qn a = . LO% 
WAVEFORM 2. 
2. £MAX(FC), tw(RESET), tpHL (RESET) 
20ns 20ns 
FC 
ty (RESET) 
RESET 





Q12> +++5 Q17 
(d=""H") 


TYPICAL APPLICATION 











| RESET @ Vpp2 Vpp1 


TCSO4EP " (TC5036P).. 05 06 07 O14 


Q4(Q12 213 Q14915)Q16 Q17 FC 










xT Vss2 


DIVIDER OUTPUTS 


504 





a ee peraes, 



















ssoom meme TOGOGGAP, TCSO4BAP 





TC5036AP TC5048AP 17-STAGE HIGH SPEED FREQUENCY DIVIDER 


TC5036AP and TC5048AP are 17-stage ripple carry binary 
counters equipped with inverters for crystal 
oscillators. 

If ¢ input is opened (g="L"), the inverted output of 
9th stage appears on FC terminal. If > input is set 
to "H', 9 stages from 9th stage through 17th stage can 
be also independently used having FC terminal as the 
clock input. 

Outputs can be derived arbitrarily from stages 4, 12, 
13, 14, 15, 16 and 17 of TC5Q036AP and stages 4, 5, 6, 
7, 14, 16 and 17 of TCSO4S8AP. 

Both devicies are improved to have 50% duty Q4 output 
as same as others by changing the divider stage of 
TC5036P and TC5048P to static type counter. 


DIP16(3D16A-P) 





PIN ASSIGNMENT 


ABSOLUTE MAXIMUM RATINGS TC5036AP 


VIN 


Vgg1-0.5 VVpp2+0.5 












V 
VIN Vog170.5 uv Vpp 1t0.5 


It 


-65 % 150 





















Storage Temperature 
Range 






(TOP VIEW) 





260°C + 10 sec TC5048AP 


FUNCTION 


(See Timing Chart) 


fq4=fxt/2 
Q5.Q17="L"" LEVEL 


fQn=fyp/20 Ns: -5.47/ 
fom=frc/2(™-8) ms; 12.17 


‘(TOP VIEW) 


* Don't Care 





905 


)) 


TC5036AP, TC5048AP 


BLOCK DIAGRAM 


/\ 
Tele -bncet ATE 


Vg g2 0 





TIMING CHART 


XTCIN) 
RESET (CIN ) 
Q4 

Q5 


Q6 











(RESET = "1") 





(o> ipl ,RESET = Wy tl ) 
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TCSO36AP, TC5SO48AP 





RECOMMENDED OPERATING CONDITIONS (Vgg1=Vgsg9=0V) 


Vpp1 
72 


Except XT 












Supply Voltage 











Input Voltage 


lopr 





ELECTRICAL CHARACTERISTICS (Vsg1=Vss2=0V, Vpp1=Vpp2) 


-40°C C 

CHARACTERISTI SYMBOL |TEST CONDITION ‘opp e_| Sa Som 
a ree Conte: | aay i 
High Level [lout |<1uA 
Output Voltage Vin=Vpp> Vss 
Low Level | Loup |<luyA 
Output Voltage 




















Vin=Vpp,» Vss 




















Low Level 
Vin=Vpp> Vss 


Voy=4-6V | 6V 
High Level 

vt ae Vgg 

; Voy=4-6V 
IN DD» Vsg 

OUTPUT 

Vo, =0.4V 

Vin=Vpp> Vss 


High Level . Voyt=0-5V, 4.5V 

Input Voltage 1H | Tour | <luA 

Low Level | : Vout=0-5V, 4.5V 
Vid. 






Output 






Current 














Input Voltage 













High Level Input 
Current 
(except XT, ¢) 
Low Level Input 
Current 
(except XT, ¢) 



















Quiescent 


BS — 
Device Current DD1 {Yin=Ypp» Vss 


* All valid input combinations. 
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SWITCHING CHARACTERISTICS (VpD1=VpD2, Vssi=Vss2=0V, Ta=25°C, CL=50pF) : 


' CHARACTERISTIC SYMBOL TEST CONDITION a MIN. MAX.| UNIT 
Output Ri Ti OUTPUT 
see Fal Tine (@ OTPUD aio eas 
.6 









Output Fall Time (Q OUTPUT) 


Input Amp Vias Resistance © 
(XT-Q4) 


Propagation Delay Time (XT-Q17) 


Propagation Delay Time 



















CpLH> CpHL 
CpLH» tpHL 


CpLH> tpHL 
CpHL (RESET) 





Propagation Delay Time (FC-Q12) 
(FC-Q17) 
Propagation Delay Time: (RESET-Q) 








Propagation Delay Time 






























Min. Pulse Width 32 70 
Max. Clock Frequency E cr (XT) 10 20 





Max. Clock Frequency £ oz, (FC) 
Max. Clock Rise Time 


Max. Clock Fall Time 
Max. Clock Fall Time “6Ck 
Input Capacitance 


Inp1 TEST CIRCUIT 














except FC 


Vv Vv 
yp “DDI DD2 


Vpp or Vgg RESET 


F (°5 % A 014) 


Vssi Vsse Qa M2 83 214 15 Y%1.6 
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SATTCHING TIME TEST WAVEFORMS 


1. Foz QT), tru trHL> COLE COHL 





£08 cO0nS8 
XT 50% 
f 10% \10% _/ My 











2. fo, (FC), ty(RESET), tpyq (RESET) 


20ns8 2008 





50% 
ty (RESET ) 
ch 490? 
RESET 50% | 50% 
10% 10% 
tPHL, tp LH 20nS 20ns 
90% 
- 50% 50% 
10% 
toLH toHL 





Qi27 Qi 
(g= "HN" ) 








T PICAL APPLICATION 


RES ET g Vpp2 Vpp1 








TC5048AP(TC5036AP ) 
XT xr Vgse Yss1 284 Q)2 213 Q14 215 6 Ay FC 


DIVIDER OUTPUTS 
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TC5037P 4-DIGIT DECADE COUNTER 


TC5037P is four digit decimal counter including the 
latch multipliexer circuit and has the digit signal 
outputs for dynamic display and the clock generator 
for dynamic display. 

When TRANSFER input is set to "L", the latches hold 
the counts immediately prior to the falling edge of 
TRANSFER, so that even if tne contents of counters 
vary, the outputs will not be changed. 











outputs of all digits to "L". 
The outside is 16 pin plastic packages. 








ABSOLUTE MAXIMUM RATINGS 


i 
TIN 





Vss-0.5~ Vppt0.5 
a 


260°C - 10sec 


Aout Bout Cour Pour 


NWO 
io} 
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RESET is activated by "H" level and sets the counter 








0 
-55~125 26 








C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 





1 


DIP16(3Di 6A-P) 


PIN ASSIGNMENT 


(TOP VIEW) 


REXT 
CaxT 
SCAN IN 
Ty 
TRANSFER 
CLOCK 
RESET 


ory nan fF Wn HH 


Vgs 





TRUTH TABLE 


* > Don’t care 

C ; Count operation. 
(Counter outputs are dynami- 
cally output to Aryn-Dry as 
they are.) 


LA; Latch operation. (Counting 


is performed but the outputs 
are not changed. ) 
Note 1. The outputs vary at the 
falling edge of CLOCK. 
kX T7~T4, vary at the 
falling edge of SCAN IN. 





TC5037P © 





TIMING CHART 


} CLOCK 
| RESET 


Hy 
SCAN IN 


9998 
9999 


























AQUT it 


BOUT ( f 
Cour ii 


Note) TRANSFER = '"H" 
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OPERATING CONSIDERATION 


1. SCAN Operation 

The scan signal for dynamic display applied to SCAN INPUT terminal is con- 
verted to four digit scan signal by T-COUNTER (4 digit ring counter)and controls the 
multiplexer circuit. The four digit information stored in the latches is trans- | 
ferred to the output in synchronism with T, - T4 outputs. 

By applying DC for SCAN signal, arbitrary digit can be statically output. 
T; - T4 are used for the digit selection circuit, 

There are two methods of supplying SCAN signal. One is AUTO SCAN method 
(Fig. 1) which consists of the multivibrator fabricated with a resistor and a 
capacitor externally connected to REXT and Crpyyt terminals respectively and the 


internal inverter, and another is to supply external signal to SCAN IN terminal 







Fig. l 
TC5037P TC5037P 


CEXT SCAN IN Rext CrxT SCAN IN 





wm 
iH 


100 ka 181588 EXTERNAL PULSE 
0.02uF 


QD 
tl 


(Fig. 2). (Note: Rryp and CEXT are left open in Fig. 2.) 


2. Latch Operation 
Flickering of output caused by the count pulse with high frequency can be 
eliminated by controlling TRANSFER terminal. 

TRANSFER = "H" : The counter information is transferred to the multiplexer 
as it is. 

TRANSFER = "L" : The content of counter immediately prior to the falling 
edge of TRANSFER is latched and the multiplexer input is 
not changed. 

(Note) The counter, in this case, still continues 


counting. 


3. Count Operation 
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For normal count operation, this chip should be used with TRANSFER = "H" and 
RESET = "L". The output changes its state at the falling edge of CLOCK. 

The content of counter can be reset to "0000" by setting RESET terminal to 
"HH". It should be noticed that CLOCK is not active unless RESET is returned to 
a) ae 

This LSI can count up to''9999",and if five or more digits are required, 


TC4510P or TC4518P should be connected in the preceding stage of this LSI. 
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Temperature | 
EXT Resistance 
Coyr Capacitance 


ELECTRICAL CHARACTERISTICS (Vgs=OV) 





| CHARACTERISTIC SYMBOL 


Supply Voltage Vpp 















SYMBOL| CONDITIONS 


CHARACTERISTIC 





High Level Vv ILoyr I<1HA | | | 
Output Voltage O Vin=Vpp Voc .) 4.95 4,95 
| Low Level y Toyy <1vA 5 0.05 a | 
Output Voltage OL | Vin=VYpp>Yss 


Cours Sour 
High OUT> “OUT 


Level j|T1 , T2 
Output |T3 , T4 


Current 
Rext > CExtT 


Aout » Bout 
Cout>DouT} “OL 


Level 

Output |T1 > T2 Ty 
Current |T3 , T4 

Rey? Ext Ton 


Toy 








I 








OH 
ton 


Vin=Vss>Vpp Ss ba 2 
[0.3 


Low 


ee 





Gg 
© 
> * 
Aa 
Oo; 
NOt BN 


e 
: 
Vin=Vss > Vpp vies 


© 
WW ) ° ee 
° - Wo o ® 
[o) i) OO jo») 


I 
Ry | 
Oo} oO] & 





oer eres Seer ieee EK: 
Volt 
2 Tour! <1HA - |i? Pee 25 he | 
Quiescent Current] [| VIN=VSs , VDD 50 50 500 UA | 
Consumption ee < 


* All valid input combinations 
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SWITCHING CHARACTERISTICS (Ta=25°C, Vogg=OV, C,=50pF) 
















































































CHARACTERISTIC SYMBOL TEST CONDITIONS Von) MIN. | TYP. MAX. UNIT 
How aby)? Pepseas ten t COUNT INPUT > 5 - | 600 | 1000 | 
EY as oP Ss BCs. D - 7 
(High-Low) Propagation i. a2 92 OUT 5 | -— | 600 | 1000 
_. .. Delay Time: ...\).2 pub... | (WAVEFORM 1) . = 
(Low-High) Propagation TorED 5!” fe es ae Tl . 
/ ee Delay time’ | sig. | ee 5 ~ | 400 | 1000 | ™* 
(High-Low) Propagation : | A,B,C, Doyr sy oS 
| Delay Time PHL 5 - | 400 | 1000 
| alo) Maleate | SC CWAVEFORM 2) Ee . 
Max.Clock Rise/Fall Time trcLs tec 5 T 20 _ ‘ - Us 
Min. Clear Pulse Width | t, (RE) | RESET(0), (9) a eo oe 1000 
: ; omer fs = ns 
Min. Transfer Pulse Width t (TR) | TRANSFER s) ; = ~ 1000 
ae Keer ees 
Input 6, 7 PIN CIN | | ~ 5 i deo 
Capacitance 3 PIN CIN [ _ 7 10 pF 
5 PIN aa. = 9 | 15 
Max. Frequency Eox, 5 0.5 200 - MHz 


ee 


SWITCHING TIME TEST CIRCUIT 


CLOCK 


| RESET 


oa 
eH 
pO 
<q 
EX 
an 
EH 
ae 
aa 


TRANSFER D 
V 
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SWITCHING TIME TEST WAVEFORMS 


WAVEFORM 1. 








VDD 
COUNT INPUT 
Vss 
VOH 
A,B,C,DouT 
Vou | 
WAVEFORM 2. 
VDD 
TRANSFER 
Vss 
VoH 
A,B,C,DoQUT 
VoL 
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C?MOS DIGITAL INTEGRATED CIRCUIT 1065043P 
SILICON MONOLITHIC 





TC5043P PROGRAMMABLE CR TIMER/DIVIDER 


TC5043P is an timer consisting of CR oscillation 
circuit and frequency division circuit. 

The oscillation circuit is made up by externally 
installing one resistor and one capacitor, being able 
to be set in a wide range of cycle. The frequency 


division circuit consists of fixed Svage or t VOO6 
and variable stage of 1/1~1/600, being capable of 
performing frequency division of 6 = 10~ max. 


Therefore, TC5043P can cover all the regions ranging 
from conventional CR timers to motor timers. 

This device is so designed that the external parts 
required may be reduced to the minimum by means of 
the built-in zener diode, auto reset circuit, and 
pull-up/pull-down resistance. 


FEATURES: 
Wide time range of timer (5ms ~ 1500Hr) 
Wide range of fine adjustment of oscillation 
frequency (150% or over) 
Low power consumption (2mW 
Little supply voltage reguiation of oscillation 
cycle (1%/V) 
Narrow temperature variations of oscillation cycle 
(OzZ0277°C) 
Internal auto reset function 
Precision CR oscillation circuit 
internal zener diode 
Timer/Divider switchable 
Simple display of time elapsed of oscillation 
Programmable frequency division ratio able to be 
set in eight ways 

APPLICATIONS: 
Industrial timers 
Timers for various commercial equipment 
Low-frequency oscillators 


ABSOLUTE MAXIMUM RATINGS 


[ CHARACTERISTIC SYMBOL RATING UNIT 


VDD Vsgs-0.5~ Vgstl2 


DIP16(3D16A-F) 





PIN ASSIGNMENT 


(TOP VIEW) 


INHIBIT 


Oo ry~ nonr WA wD KB 


Rout 








TIMER OPERATION 








‘ A 






































|Input Voltage VIN Vss-0.5~Vppt0.5 DIVIDER 
oy, 7 earners, peneeake: ae OPERATION 
O t R at) Se a 
faaee e oul VOUT SS 22 So a TEMPORARY STOP 
| e Q,Q, OSCOUT Vss-0.5~Vppt0.5 ! OF OPERATION 
Ly a 
= IN 10 mA 
{Zener Current I7 10 
|Power Dissipation PD 300 mW 
ers Temperature awe _40~ 85 
ange ° 
storage Temperature | 7 3 7 
. Tste -65~ 150 
ange 6 
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SYSTEM DIAGRAM 












TI MER/BIVIDER INHIBIT So 8, 8g 
! : a 
M iv : 
R | 
Cae] [EPO 
ee Ki = 
O8C our : Jt sa = 
(4)<—+ e ima PRE- 5 G9) 8 
o ae OSCILLATION |_. | FIXED FREQUENCY : z 
CIRCUIT 5S (4) 2s 


ol& 






| eae 
(3) CIRCUIT DIVISION ae ae TON 
7 OSCry | 
AUTO RESET \7 | 
CIRCUIT a 


ADJUST RES ET Royt * VDD LD Vpp 


VpD 





VR 





Outputs marked with * are N-channel open crain structure. 





TIMING DIAGRAM (1) 


1. Timer operation, Programmable frequency division ratio 1/1 
(T/D="H", INHIBIT="H", So=S,=S9="H") 





RESET ‘e | 
er? Vp 
OSC TN Ee bee eee sleet ee tas, WD aes we A. | 
Vv 

| | | | | ss 


OSGout (ae Pol alah Si, uh! “Sees eae eee ee eS | 


ose LULA A 


Q 





ll 

q 

i 

. 8 . H 
4 

| i 

k 

1 t 


q | 


aa | HULL 
10°" : 
Rout * | | | | | | 


- For outputs marked with *, add pull-up resistance to Vpp. 
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TIMING DIAGRAM 


Divider operation, Programmable frequency division ratio 1/1 
(T/D="L", INHIBIT="H", So=S,=S2="L") 


RESET 
100- Tose 


lee 1000+ Thee 2a TOO ae: <a 


* Connect pull-up resistance to = output. 





PIN FUNCTION 


PIN NO. SYMBOL FUNCTION 


2 ADJUST Pin for fine adjustment for oscillation frequency. 
Externally apply the voltage ranging from 0.2Vpp to 0.55Vpp. 
OSCry Oscillation circuit configuration pins : These pins start oscilla- 


tion when resistor R is connected between OSC{y and OSCoyy and capa- 
citor C between OSCIN and Vss, respectively. In case VADJ is 0.39Vpp 
oscillation cycle becomes almost Tosc=RC. 






























TIMER 
/DIVIER 






Timer/divider switching input. 
At time of open (or "H" level), this device operates as a timer, and 
at time of "L" level it operates as a divider. 














All the counters are reset at "L" level. At’ the rising edge of this 


input, the device begins to count. 











When this pin is set at "L" level, the device keeps stopping oscilla- 
tion during the period of "L" level state. The pin is used for tem- 
porary stop of oscillation. / 









INHIBIT 
















Only at time of timer operation, reset signal is output. (At the 
time when RESET = "L" and during the period of auto reset at the 
rising time of power supply, output is off.) 

For the divider mode, this pin should be open. 



















SgvS3 are frequency division ratio switching inputs of the counter. 
Fight time intervals can be predetermined by combining pins, Sg v 59, 


) 













T = 1000 x 
\ FOSC 
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PIN No. SYMBOL FUNCTION 








L H 


L H L H L 


* In the divider operation mode, the above time intervals of timer 


become half cycles of Q and Q. 


















Time inter-, 
|vals of time 













Q and Q are time-up outputs. After the end of time intervals, 
Q reaches "H" level and Q reaches "L" level. While the divider is 

operating, these outputs oscillate at double the cycle of time range 
of timer. 








Q/10 is a pin which outputs the elapsed time of timer, and outputs 
the pulse of 1/10 cycle of timer time. 
' This is N-channel open drain output. 


Vpp Power supply pin 
pas fm 


OPERATIONAL DESCRIPTION 


. Oscillation Circuit 








The cathode terminal of zener diode is put out of this pin. This pin 
is used as a stabilized power supply by making the connection to Vpp. 





The oscillation circuit can be made up by connect- 
ing resistor R between OSCyy and OSCoyr and capacitor 
C between OSCyy and Veg(GND) as shown in Fig. 1. 


This IC has two levels of built-in reference 
voltage Vy(0.62 Vpp) and reference voltage Vz,(=Vapj) 
externally supplied to ADJ pin, and performs oscilla- 
tion in such a form as the charge and discharge wave 
of CR runs between these two levels. 


Therefore, oscillation cycle can be adjusted by 
varying the voltage of ADJ pin. 

When Vapj= 0.39 Vpp, the oscillation cycle is 
decided from the equation of Tosc=RC (T : [S], RI], 
C{[F]). Vapz should be used within the range of 


= Vag 


Vig (0-6\pp ) 
0.2Vppv 0.55Vpp. 
VaDs 


Tos c 
Fig. 1 Oscillation Circuit 
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2. Counting circuit (Frequency dividing circuit) 


This circuit consists of the fixed frequency dividing stage of 1/1000 and the 
variable frequency dividing stage of 1/1 ~ 1/600. 


Time intervals of timer can be predetermined in eight ways by combining three 
inputs of SQ v S82. 


Note l. 











T=1000+Tosc 


: Note 2. 


Time inter- "TE" level 


vals of Timer 300T | 600T may be open. 








3. Reset operation 


The internal counter is kept reset by the built-in 
auto reset circuit until the power supply level reaches 
reset release voltage (Vpp) at time of application of 
power. However, the power rising time of more than 500us 
should be taken for abrupt rising edge of power supply 
because there may be no possibility of the internal 
counter being reset. In case of the rising time of 500us 
or below, differentiation circuit is made up by adding 
the capacitor to RESET terminal. (Refer to Fig. 2) 





It is a matter of course that the internal circuit 5004S 
can be reset even by setting RESET input at "L" level. 
When the reset operation is released, oscillating and 
counting operations start. The reset signal is being 
output to this IC. lk 


; . oi RESET 
In case where this pin (Royt) is internally reset, 


=I 
ae 
it is off (at the rising time of power supply and during : 
"ZT" level of RESET); therefore, this pin can be used for al 
making the external circuit synchronize by use of pull- 

up resistance or equivalent. While Royr is not in use, 

it should be kept set open (or at "L" level). Fig. 2 Auto Reset Circuit 


4, Inhibit operation 


Oscillation can be stopped by setting INHIBIT input at "L" level. 
Normal operation can be performed by setting INHIBIT input open (or at "H" level). 


5. Divider function 


When the T/D pin is set open (or at "H" level), this device operates as a timer. 
When this pin is set at "H" level, this divice can be used as a divider which continues 
operating oscillation/counting without creating time-up signal. 

For the divider mode, however, RoyTt cannot be used. (Open or "L"). 
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RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


ITEM YMBOL 
Supply Voltage VoD 


High Level Input Voltage 


Low Level Input Voltage 


External Resistor 


External Capacity 


Output Voltage 





ELECTRICAL CHARACTERISTICS (Vgs=O0V) 











1 
A 
i) 
oO 


: 25°C 85°C 
VpD UNIT 
(v) | MIN. .| MIN. | TYP. MIN. 


e 


“le 
_ 
ON} OO 
ny Oi 
NTN 
to} Nh 

(oe) 

No 


! 
(Sa) Nn (n 00 
© : ° 
No 


Zener Voltage 


Or}; 
NO} NM 









I 
= 
NO 

{ 
No 
wn 





High Level 
Output Current 


a 
i) 


7 


i 
Wn 
i) 

| 
Oo 
© 


Ww 
NO 











es 
e 
ea 
e 



















mA 
| Low Level 7 2.0 
Output Current 
High Level Vrq=loV, (Exc lu- 
Input Current “sive of SQvs?) 
LA 


Low Level 
Input Current 


V7L=OV, (Exclusive 
of R:* INH-'/D) 





ho 





© 
©O 
I 
oN 1S Sa) CO; © 
wn es |; ®@ 
(n} 


oom 
© 
io) 
i) 
© 
© 
coed 
co) 
Wo 
i) 
© 
> 
~ 


ni 1o7) 1S) 
co) ‘a 
oO { e ° 

oS 


be Ee 
N S S 
Oo | 
Ww uo 





NO 
© 
© 






VoH=10V, Rout, 


Output OFF Current] Iloprr | 10 
Q/10 Outputs 
| Auto Reset Release 
VRD 
Voltage 
| Supply Current c=0.1nF, ReIMoH) 10° 


* All inputs and outputs are open. 





1.0 












1 
lames 
5 

Go 

_ 
© 
fod 
© 
=) 
c 
> 


bs 
op NS 
=m) 





No 

o> 
© 1 
WW 
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EXAMPLES OF APPLIED CIRCUIT 


° Timer Circuit I (Basic Type) 





ee O 0, O PO Be —_ 
a oe: 


Oo P © 1851588 i 
Lae a 
1612514313 k 1 9 


TC5043P 








INPUT 
eG ie Ab 


RESET/START 


(Time of timer can be varied to linear by using resistor R 
deciding time constant with variable resistance.) 


o Timer Circuit II (Elapsed Time Displaying Type) 





TIRLOQ x 10 181588 
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=== TO5050P C?MOS DIGITAL INTEGRATED CIRCUIT 
= SILICON MONOLITHIC 


ST | 


TC5050P DUAL 50/64 STAGE STATIC SHIFT REGISTER 


TC5050P is static shift register consisting of D type 
flip-flops, and can be used as either 50 bit shift 
register or 64 bit shift register depending on OUTPUT 
MODE input. 

Since one of two input data can be selected by INPUT 
MODE input, the applications for scratch pad memories, 
etc. can be realized by connecting one of data inputs 
to the output. And if two circuits are connected in 
series, this can be expanded to 100 bit, 114 bit or 
128 bit shift register. | 

When used with 5 volts power supply, one of TTL or 
DTL can be directly driven. 














ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC 


Output Voltage 


Storage Temperature 
Range 





Tso01 260°C + 10sec 


INPUT OUTPUT 
DATA IN, DATA INoa MODE MODE 


(1 STAGE STATIC SHIFT REGISTER ) 
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RECOMMENDED OPERATING CONDITIONS (Vag=OV) 


CHARACTERISTIC sypoL [SSS 



















ey aie ee 
ek 
Operating Temperature] Topr | —30 5 








ELECTRICAL CHARACTERISTICS (V 


oyM— 
BOL . 


=OV) 







v UNIT 


oS 
CHARACTERISTIC 
IN 









6 
Share me ew a [= aod = [ee[ sal = [ol 
oles OH} VN=Vpp Veg | 2 | 4-9 4.95] 5.00 4.95 V 
Low Level Output < 
V Hoy!) <1vA | 

Nene: re ae ae 5 0.05 0.05 

High Level Output I VoH=2.5V 5 eb. o5 12951-5350 21,0 

Current OH Vin=Vppn.Vss mA 
rage ome ig Mt Te [al = [e [ re] [eal 
Current OL yNEbb ss 

High Level Input Voup=0.3V,4.5V 

Voltage ome a ee eee is V 
era [ny RAREST s [Pas Peas [fa 
H.Level Input Current| lyq |Vrw=8V_ | 8 | - [0-2 | - 105 [0.2 | - [1.0 | pA 
L.Level Input Current] tin |Vtr=0OV_ | 8 | -  [-0.2 | - [-1075{-0.2[ - +1.0 [pA 
Quiescent Current C. | Ipp | *VIN=VSS,Vpp | 5 [| - | | - | | - | 





* All valid input combination 


SWITCHING CHARACTERISTICS (Ta=25°C, Vaa=OV, C,=50pF) 


SS 








DATA INI 


CLOCK 


DATA OUT 
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TC5051P 4 DIGIT DECADE COUNTER WITH BLANKING CONTROL 
TC5052P 4 DIGIT DECADE COUNTER WITH CLOCK ENABLE 


TC5051P and TC5052P are four digit decimal up 
counters. The contents of counter are dynamically 
output digit by digit in sequence from the higher- 
order digit to BCD OUTPUT. When the content of 
counter reaches "9999", CARRY OUT is output with "H" 
level, and it holds "L" level for other counter 
contents. 

TC5051P has BLANKING CONTROL input which facilitates 
the leading zero suppress operation for higher order 
digits than arbitrary digit position. And TC5052P is 
capable to inhibit CLOCK by means of CLOCK ENABLE 
input. 














ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC | 


DArNOoOOPANEH 


(TOP VIEW) 





BLOCK DIAGRAM 


(MsD) (LSD) BLANKING™ * 
TPs. Te Ty CONTROL ae B C D 
C) © ©) ©) O O © O O 


SCAN IN T~COUNTER ‘ BLANK i BUFFER 


. 
TRANSFER ee ears Fe Pe eee el eee 
| = Petes foe 
[paren 


LATCH 


CLOCK ENABLE 
CLOCK IN 


RESET O 


* 3 Only tor TOSCS2P 
* «>; Only for TC5051P 
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CARRY OUT 
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DESCRIPTION OF PIN FUNCTION 


PIN NoJsympon|  wame | FucTION, 
DIGIT SELECT 4 |Outputs to select the digit of BCD OUT (Output signal 
and correspond in ascending order from T,;. '"H" level 

ae DIGIT SELECT 3 is shifted from T,, To, T3 then T, in sequence for 


DIGIT SELECT 2 oueEy eight oan of SIN In the case of TC5052P, whan 
a 


T 
2 RESET is set to . of ‘ty~l', become "L" and when 
Tj  |DIGIT SELECT 1 |RESET falls the scan is always started from T]. Tivlh 
are not affected by RESET for TC5051P. 
5 Sty [SCAN INPUT T-COUNTER CLOCK input. The clock can be generated by 
6 TRF 








connecting a capacitor between this terminal and GND. 











Decimal counter outputs are transferred to the 
multiplexer as they are. 


L|The counter outputs at the falling edge of TRF are 
latched. 


The counter is reset to "0000" by "H" level input. 
RESET TC5052P establishes the synchronism of T-counter by 
means of CLEAR input. 


| Yss_Wss SEND) 
"H'" level is output as long as the counter holds © 
CAy |CARRY OUT "9999", This becomes "L" level for all other counts. 


First stage decimal counter clock, which triggers at 
10 CP CLOCK INPUT the falling edge. 


i ‘ ‘ e1..¢ 7 
CLOCK ENABLE Clock input is inhibited by “L’ level 
(TC5052P) 





All digits are displayed by "H" level, leading zero 
BLANK CONTROL suppress can be achieved by "L" level and zero suppregs 


(TC5051P) ae pie e reer {digits than a specific digit positio 
onnecting T output to BC. 


ee OUT A BCD outputs of ey counter. 


B When Ti="H", the highest order digit (4th Jit) is 
output. When T2="H", 3rd digit is output, when T3="'H' 
C 2nd digit is output and when Ty="H", lst digit is 
D OuEDu es If zero suppress is activated, all the out— 
bis OME a = E 
Vpp Power Supply (3 - 12 volts) 


OPERATING CONSIDERATION 






















oli 
¢ 


‘ Count and Reset Operations 
When RESET input is set at "H" level, the counter is reset to "0000". If pulse is 
applied to CLOCK input after returning RESET input to "L", the counter advances its 
count up to "9999" at the falling edge of clock providing CLOCK ENABLE to be "H". If 
CLOCK ENABLE is "L", CLOCK is inhibited. CARRY OUT is output with "H" level only when 
the count is "9999". | 
* Latch Operation — When TRANSFER input is set to "H", the counter output is transferred 
to the Witt end as it is, and output | dynam qal ly to BCD OUT in synchronism with S 
When TRANSFER input is changed from "H" 'L", the counter content at the falling Wige 
of TRANSFER is stored in the latch and san OUT is not varied even if the count changes. 
*Scan Operation — BCD output of each digit is output on common Aoyt~DoyT on time sharing 
basis and switching of digit is achieved by connecting a capacitor between nu IN input 
and Vs (GND) (internal ea) or by supplying external clock from SCAN I 












TC5051P, TC5052P 





OPERATING CONSIDERATION 





Capacitance of approximately 1000pF is recommended for the internal oscillation. 
Switching of digit is in synchronism with the timing outputs of Ty — Ty. 

When Tj is "H" thousand's digit is output to BCD OUT, when T2 is "H'" hundred's digit 

is output, when T3 is "H" ten's digit is output, and when T4 is "H" unit's digit is 


output. 


Blanking Operation (TC5051P) 
By controlling BLANKING CONTROL, leading zero suppress of higher:‘order digit posi- 


tions than a specific digit position can be achieved by the function of internal 


circuit. 


BLANKING CONTROL ..... Zero Suppress for all digits 
oe Bie No Zero Suppress 
ere Zero Suppress for only thousand's digit 


Raeies Zero Suppress for thousnad's and 


* 
hundred's digits 


sce tu Zero Suppress for all except unit's digit * 





When blanking is activated, all of Aout - Doyr become "H". 


* (Note) When a carry occurs from the counter and during one cycle of T 


counter, normal output may not be seen. 


TIMING CHART 


RESET 
* 


SCAN IN 


* 


Ty 


T2 


T3 


Ty 


BCD OUT 
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RECOMMENDED OPERATING CONDITIONS (Vsg=OV) 


CHARACTERISTIC __|SYNBOL ee eee 


Supply Voltage Vpn 

Input Voltage Vin 0 ee 
yy Connecting Capa. a 

“IK ome Temp. 


ELECTRICAL CHARACTERISTICS (Vo, g=OV) 


TEST 40°C 
CHARACTERISTIC SYMBOL 
eee os 
































High Level 
Output Voltage 


Low Level 
Output Voltage 





High Level 
Output Current 


'Tour!<1pyA 
VIn=Vss>Vpp 





lIout!<1yA 


Vin=Ysg>Ypp 





Vou=4.6V 
Von=? -OV 


Vin=Vss>Vpp 











| Low Level 
Output Current 


High Level 
Input Voltage 


Low Level 
Input Voltage 


High Level Input 
Current (other 
than SIN) 


Voyt=0 -5V,4.5V 
VoutT=1.0V,9.0V 
IIoyr!<1uA 





VoL =0.4V 
VoL=0.5V 
VIN=VSsS, VDD 





t=O SONG 5V 
Voyt=2-0V,9.0V 














Low Level Input 
Current (other 








High Level Input 
Current (Sy) 


Low Level Input 


| Current (Sty) 


Quiescent Current 
Consumption 


Vig i2v 





Vin-Yss2Vpp 
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SWITCHING CHARACTERISTICS (Ta=25°C, Ve g=OV, C — 


CHARACTERISTICS TEST CONDITIONS ft am 

130 400 
65 200 

tru 100 200 sa 
i. 50 100 
és 1200 2500 

: 4 450 | 1000 ne 
900 2000 

= 400 800 ss 









Output Rise Time 


Output Fall Time 






Propagation Delay 
Time (CLOCK-BCDoyr) 









Propagation Delay 
Time (CLOCK-CARRY) 
















Propagation Delay 
Time (Sy; - T,) 











Propagation Delay 
Time (Sjy -BCDoy) 









Propagation Delay 


















Min. RESET Pulse 































































Width (RESET) 10 ~_ 
Min. Transfer ES pa 5 : 
Pulse Width 10 
(TRANSFER) = 
Max. Clock | 5 1.0 
Frequency cL 
2.0 
5 0.5 
Max. Scan Ecz, 10 1.0 


Frequency 





Min. Removal Time 


(RESET - COLOCK) 








Min. Set Up Time 
(TRANS FER-CLOCK ) 


Min. Set Up Time 
(TRANS FER—CLEAR) 










Max. Clock Rise Time | 
Max. Clock Fall Time | 


Input Capacitance 
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SWITCHING TIME TEST CIRUIT 


TEST CIRCUIT 


fx 
rd 
FQ 
< 
coal 
an 
EA 
a 
m4 
oe 





SWITCHING TIME TEST WAVEFORMS 


WAVEFORM 1. 


RESET="L" 
CE(TC5052P)="H" 
B.C. (TC5051P)="H" 
TRF="H" 


BCDoyt Sin : Any Pulses 
CARRY OUT 


WAVEFORM 2. 


RESET="L" 


SCAN IN CE, (B.C.)=""H" 
TRF="8" 


CLOCK : Any Pulses 
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SWITCHING TIME TEST WAVEFORMS 
WAVEFORM 3. 


BCDour 


CLOCK : PG Crem 
CE(BC)="H" BCD 
a = "q" a 


SIN 7 non 





(CE (BC) Mt : TRF="'"H" : SrN="H") 


TRANSFER 


ee ene (eels, UNG: CH ne 
BCD Say No Change O ange 
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TC5053P 4-DIGIT UP/DOWN DECADE COUNTER 
TC5054P 9 4-DIGIT UP/DOWN DECADE COUNTER 


TC5053P/TC5054P is a 4-digit decimal up/down counter 
containing 7-segment decoder/driver. 

The counter consists internally of a 4-digit latch, 
multiplexer, scan oscillating circuit, and decoder/ 
driver capable of directly driving LED. 

The clock input is independently equipped with an 
up-clock and a down-clock. Each input has the 
function of a Schmitt trigger. 

This type of up/down counter can be widely applied 
to counters, panelmeters, etc. 












DIP 24( 6D<S4A-—P ) 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RAT ING 

DC Supply Voltage VppD Vss-0.5~Vsst10 
Input Voltage VIN Vss-0.5~Vppt0.5 

IN 













PIN ASSGNMENT 


(TOP VIEW) 












V 
Output Voltage VOUT Vss-0.5~Vppt0.5 V 
as 
260°C - 10sec 





DC Input Current 

















Power Dissipation 


SEGMENT 
OUT 





Storage Temperature 
Range 






Lead Temp./Time 





oO art Oo F WA WD Bb 


BLOCK DIAGRAM 


DIGIT SELECT 
OT 
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vES 


DIGIT SELECT T-RESET SEGMENT DRIVE 








Ty T9 T3 Ty BLC a b Cc d se E g VDD 


OOOMD @® @ OOVDODOO®D 
KAA AAA oral 


N co * BOD-TO-7 SEGMENT 
a © Se: d>-f>0-+-d> SCAN COUNTER co ae a 
r | 
7 (14) ; oe 

“ a 


ae poypeccegery LD 





TRANSFER bet eV eke hee 
A B Cc OD 


LATCH LATCH LATCH LATCH 


i pe ae ee es @ 


: ey pe ne a Ba = 
1 cat — UP/DOWN UP/DOWN 


DOW . {DECADE COUNTER DECADE COUNTER DECADE COUNTE 
‘Lock aay >e d D BORROW 


eae 
MASTER po 


UP CLOCK (8) >of AL BI 





WRIOIVWId A019 


dvS0S91 ‘d€S0SIL 





TC5053P, TC5054P 


TIMING CHART 





COUNT SEQUENCE 


OD, Hy~N 9 aDO OV 0 
O i el ed O| PY oof mH sg ; 18 & 


MASTER RESET 


cos —yinnpnnphnnl tht TiaminAnTAt 
it Ht et 























( Ay ) * 
(Bi). * 
i 
(Ci). 
al tit I 

(D1) * HT i 

fi a 
(BO, )* nun Tl A 








i 
CARRY | 














a 
BORROW 
Internal 
SCAN SEQUENCE 
T RESET 
Ale 
SCAN IN ti 
PLL & 
af fi 
T?2 SLE, 


jh} 2 
M8 cone PO Ye Ce 








**k Required pull down Register 
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TC5053P, TC5054P 





DESCRIPTION OF -PIN FUNCTION 


paw fsmoy | —— ans __f____tvetuay____ 


a |SEGMENT a a The segments a ~ g are the outputs that have convereted 
the decimal up/down counter BCD outputs into 7-segment 
display element driving codes. | 
These segment signals are synchronous with SCAN inputs 
and are dynamically output from the higher order digit 


ier Since they are designed so that Ion is large, they can 


directly drive a cathod common type LED. 


DIGIT SELECT 1| These are the outputs indicating the digits of the outputs 


fee a ~ g and correspond to the higher-order positions from 


Ty, upward. 
These outputs are automatically switched in order of Ty - 
T?2 —~ T3 - T4 - T1 by giving clock to SCAN input. 

1h a nT 

ta |No 0 suppression = seein O suppression of the dig- | 


Leading zero of more than the higher-order (N-1) 
suppression of can he made by connecting this termi-_ 
All digits nal to Tn. 

SCAN clock is produced by connecting a resistor 
Rreyt and Sty. In case Syy is externally provided, 
Rrxyt should be opened. 














BLANKING 


CONTROL oa 






REXT REGISTER 
EXTERNAL 





























be bs i 
> ee 
ee 
i 
OQ 










DOWN input is kept at "H" level. 





This set to "L" level. (When it is set to "H" level, 


‘i counting varies with the rising or falling edge.) 


TEST | TEST 


This is a clock input of digit selection counter. If a 
5 SIN SCAN IN resistor is connected between Syn and Rext , SCAN Counter 
| can make self-osillation. (Pulse may be externally applied) 
TR Operation of SCAN counter can be stopped by "H" level. 
"RESET Whenever TR is fallen, SCAN counter starts scanning from T},] 
The internal counter makes document at the rising edge of 
17 DOWN | DOWN COUNT a pulse if the pulse is provided to the in a state where 
pa om cout UP input is kept at "H" level. 
! The internal counter makes up count at the rising edge of 
UP UP COUNT a pulse if the pulse is provided to the in a state where 


MASTER RESET | A state of count is cleared to "0000" at the 'H" level. 


In case of "H" level input, the counter contents are 
always being output through a multiplexer. In case of "L" 
level input, however, the counter contents before the 
change to "L" level are not changed by the change in 
counter contents because the previous contents remain kept 
in the latch circuit. 


TRANSFER 


7 


~ 


OE 


In UP COUNT, when the “COUNTER contents > reaches "9999", 

eyyt! t h ld Ld as 
CARRY | CARRY a — is output as long as UP COUNTER inpu olds 

evel. | 


In DOWN COUNT, when the COUNTER contents reaches "0000", 


BORROW | BORROW "H" level is output as long as DOWN COUNTER input holds "'L" 
level. 


| vo [Ypp  ) 
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TC5053P, TC5054P 





RECOMMENDED OPERATING CONDITION (Vss=OV) 











Input Voltage 


Operating Temperature 


REXT EXTERNAL REGISTANCE 











ELECTRICAL CHARACTERISTICS (V5S=0V) 


SYMBOL 


Ty, -T4CarryBorrow 
avg 


REXT 
(llvT4CarryBorrow| | 
REXT "0 
TivT4CarryBorrow 
Loy 


ou | vouso.av | 5 } 


Tou 


No 
u 
a 


Beh |e 
ake! 
(nr n f 


° 
O 


YY pa 
495! -— 149 
ees 4 


VIN=VSS,VDD 495) — | 


| louT|<1uA a QO 
Vin=Vss,VppD 2 


VOH=4.6V 


ri 
r 
EI 


BEGOE 
nln Ke 





High Level 
Output Voltage 


> 
© 
Oln 
> 
WM 


i 
\O 
oa) 
> 
© 
Wn 


le lS 
le |XO 
WO] um 








Low Level 
Output Voltage 





VoH 
L 


fos 
re 


Pf p 
ea 





SO yf 1S 
SOPolto} ete 
EL aAle| mir 


High Level 
Output Current 





Low Level 
Output Current 














| 
ie 
Cc 


Disable Current 


High Level 
Input Voltage 


UP/DOWN CLOCK 


OTHER 
UP/DOWN CLOCK 








Wwf Ww 
in| 














Low Level 
Input Voltage 





Low Level Input Current 





Quiescent Current Consumption 


on 
Wn . 





VIH=8V 8. 


1S 





ke 





VIL=0V 
ViIn=Vss; VDD 
OUTPUT OPEN 








SWITCHING CHARACTERISTICS (Ta=25°C, Vgs=OV, Cy,=50pF) 


CHARACTERISTIC 
Output Rise Time 


Output Fall Time 


Propagation Delay Time 


Max. Frequency 


TEST CONDITION 


SYMBOL 
Ti~T4, 


CTLH 
a~g (Rp=1kq) 


| tra [TinT4, Carry, Borrow 


Carry, Borrow 





nen 
> 


— 
> 


_ 
ant >) 


SCAN-T1~T4 
SCAN-a~g (RL=1kQ) 


CLOCK-a~g (RL =1kQ, T1=H) 
"pLH |CLOCK-Carry, Borrow 
CpHL 


fcp-1* 
ee 
Eoure® 


SCAN 


937 





TC5053P, TC5054P 





tw (MR) MASTER RESET 


Min. Pulse Width tw (TR) T-COUNTER RESET , 


tw(TRF) | TRANSFER 


MR-CLOCK 
TR-SCAN 
TRF-CLOCK 











Max. Clock Rise Time 


Max. Clock Fall Time UP/DOWN CLOCK 








Input Capacitance except SCAN 
* Counter operation : fcy,,-1, CARRY, BORROW operation : fcL-2 


*X Leading zero suppression : fc,-2, No zero suppression : fcL-1 


SWITCHING TIME TEST WAVEFORMS 
WAVEFORM 1. 


UP / DOWN 
CLOCK 


CARRY, 
BORROW 


WAVEFORM 2. 
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TC5053P, TC5054P 





SWITCHING TIME TEST WAVEFORMS (Continued) 


MASTER 
RESET 


UP“ DOWN 
CLOCK 


T-COUNTER 
RESET 


TRANSFER 


tw (TRF) 


UP / DOWN 
CLOCK 














(kHz) 








Ippopr (HA) 





OSCILLATING FREQUENCY 
fDpDIGIT 


OPERATING CURRENT CONSUMPTION 





INPUT FREQUENCY fry (Hz) 


Mn 


C*MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC064BP, [CS069BP 





TC5064BP HEX HIGH VOLTAGE BUFFER WITH INHIBIT/NON INVERTING TYPE 
TC5065BP HEX HIGH VOLTAGE BUFFER WITH INHIBIT/INVERTING TYPE 
TC5064BP and TC5065BP contain six circuits of buffers 
having two common INHIBIT inputs (AqN, BIN)- 

As both have the output of open drain structure with 
high bleakdown voltage P-channel MOS FET (-50 volts.. 


. Maximum Rating), these are suitable for driving 


fluorescent display tubes and for interfacing with 
high voltage MOS LSI's. 

TC5064BP is non-inverting type and TC5065BP is 
inverting type. 


ABSOLUTE MAXIMUM RATINGS 











Storage Temperature 
Range 


260° C 10sec 


LOGIC DIAGRAM 


1/6 .TC5064BP 


AIN a 


\/ 


A O © 


L\ /\ 


Nz 4 INe JIN, J IN, INs Jing 
OUT} OUT, OUT, OUT, OUT, OUT, 


1/6 TC5065BP 


Vpp e 


OUT} OUTS OUTS OUT, OUTS OUT, 


940 











DIP 16(3D16A—P) 





PIN ASSIGNMENT 
TC5064BP 
OUT} OUT2 OUTs OUT, OUTS, OUT, 


1S) We) AT) Jo 
Vpp> 1 
Vgss; 8 
Arn> 1 
BIN; 9 2 al 5s) 6 7 


IN; INg INZ INg IN5 INg 


TCSO65BP 





OUT] OUT2 OUT, OUT, OUTS OU 


15 14 13 12 me 10 
Vpp ; 16 
Vag ; 8 
Arn> 1 
Bryn; 9 
IN a 3 4 5 6 % 


IN, INg INgz INg INg ING | 





TRUTH TABLE 


NPUT OUTPUT 
Brin TC5064BP | TC5065BP 
L 
L 
HZ ; 








= 








EEE 


Ee 
taza 
ee 
High Impedance 


* > Don t care 


TC5064BP, TCS065BP 





RECOMMENDED OPRATING CONDITIONS (VSS=OV) 


a 
Supply Voltage vo | 
[Te tees fa 


ELECTRICAL CHARACTERISTICS (VSS=OV) 


TEST Van are C 
CHARACTERISTIC SYMBO DD UNIT 


IN. 
High Level 5 | 4.95 4.95 


9.95 
Output Voltage 14.95 





















Von=3V (Vpp-2V) 
High Levle VoH=2V (Vpp-3V) 
Output Current Von=/V (Vpp-3V) 
VoH=12V (Vpp-3V) 


High Level 
Input Voltage 


Low Level 
Input Voltage 


Output OFF 
Current 


Input Current 
ede a 


Quiescent VIN=-Vss, VpD;> et a 7 ; 
Supply Current OUTPUTS OPEN A 0.0151 16.0 a 


* Ry, = 20 ka 
SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL= 50pF) 





Output Rise Time 


Output Fall Time 


(LOW-HIGH) 
Propagation Delay Time 





(HIGH-LOW) 
Propagation Delay Time 








Input Capacity 


D4 





TC5064BP. TC5065BP 


SWITCHING TIME TEST CIRCUIT AND WAVEFORM 


OUTPUT 
(TC5064BP) 


OUTPUT 
(TC5065BP) 
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TC5064BP, TCS065BP 





EXAMPLES OF APPLICABLE CIRCUITS 


(1) Fluorescent Display Tube Driving Circuit 


Filament Power Supply 4U5V 





Fluorescent 
Display Tube 









RiS SR: 20 ka ~ 100 ko 


-EV 


(2) Interface between CMOS and PMOS 





Rp=20 kk 30k2 


Vss1 Vss2 


943 


tn 


TC5SOG6BP, TC50G7BP ces, neonate circu 





TCSQ66BP 7-HIGH VOLTAGE BUFFER/NON INVERTING TYPE 
TC5067BP 7-HIGH VOLTAGE BUFFER/INVERTING TYPE 


TC5066BP and TC5067BP contain seven independent 







circuits of buffers. TC5066BP in non-inverting type 
and TC5067BP is inverting type. 

As both have the output of open drain structure with 
high bleakdown voltage P-channel MOS FET (-50 volts... 
take Maximum Rating), these are suitable for driving 
fluorescent display tubes and for interfacing with DIP 16(5D164 -P) 


high voltage MOS LSI's. 





ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 


DC Supply Voltage V 
VIN 

| Pp | | 300 mW 
£10 | 





TESV6 6 BP 







{Input Voltage 





Output Voltage | 
ar etic aa OUT] OUT2 OUT, OUT, OUTs OUTg OUT 


Power Dissipation 












DC Input Current 










Storage Temperature 


Range -65 ~150 















Lead Temp./Time 260°C + 10sec 


LOGIC DIAGRAM 


if t “Tese6eRP 


TCSU6 7B P 


OUT} OUT2 WUT, OUT, OUTS OUTs OUT. 


13 12R il 10 9 


Leo TCSO67BP 


il e gl 4 
IN} INo INg INg IN5 
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TCSO66BP, TC5067BP 





RECOMMENDED OPERATING CONDITIONS (VSS=0V) 


ELECTRICAL CHARACTERISTICS (VSS=0V) 







| 40°C 


CHARACTERISTIC |SYMBOL | cottons (PP oe NIT | 
enon [i sf fd ed 


High Level [Zour | < Lua an = 


Output Voltage VIN=VSS or VDD 14.95 


Vou=3V (Vpp-2V 
VoH=2V (Vpp-3V) 
Vou=7V (VpD-3V) 
VoH=12V (Vpp-3V) 


Vin=Vss or Vpp 


VoutT=4-2V 
VoutT=9 .OV 
VOUT“ 13.0V 


High Level 
Output Current 


High Level 
Input Voltage 
(TC5066BP) 


Low Level 
Input Voltage 
(TC5O66BP) 


High Level 
Input Voltage 
(TC5067BP) 





VouT=4.5V 
VouT=9 .OV 
VoUT=13.5V 


Low Level 
Input Voltage 
(TC5067BP) 


Output OFF I 
Leak oe OFF 
Input |H /H Level | 

POLEED 4 Taye. | L L Level 


Quiescent 


VIN = Vpp>Vss 
puppy Outputs Open 
Current ; 
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TCSO66BP, [C506 7BP 





SWITCHING CHARACTERISTICS (Ta=25°C, Vss=0V, CL=50pF) 


CHARACTERISTIC 


Output Rise Time 
Output Fall Time 





(LOW-HIGH) 


Propagation Delay Time | tPLH 


(HIGH-LOW) 


ropagation Delay Time epah 





SWITCHING TIME TEST CIRCUIT AND WAVEFORM 


OUTPUT 
(TC5066BP) 





OUTPUT 
(TC5067BP) 
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TCSO66BP, TC5067BP 





EXAMPLES OF APPLICABLE CIRCUITS 


(1) Fluorescent Display Tube Driving Circuit 


Vpp=5V 


Filament Power Supply 4. 5V 
! 






Circuit or LSI 










Fluorescent 
Display Tube 


Rr Rp : 20 ka ~ 100 ka 


(2) Interface between CMOS and PMOS 





A 


| 


TC5068BP, TC5069BP os para. wreseare me 





TC5068BP, TC5069BP BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 


The TC5068BP and TC5069BP are decoders which convert 
the inputs of BCD codes into the 7-segment display — 
element driving signals. Since the segment output is 
of an open drain structure with high breakdown 
voltage P-channel FET, these decoders can directly 
drive fluorescent display tubes. 
Each of four input lines contains a latch controlled 
by common strobe input, to facilitate static drive. 
Each BL input is used for forcing all the segments to 
the OFF state; therefore, the decoders can be applied 
to the leading zero suppress by combining zero output 
(When input code is at "0", "H' level is output). 
The TC5068BP is of a hexadecimal display indicating 
type, and the TC5069BP is of a BCD display puls "L", 
MAN, "RP", "-") and "blank" display indicating 


DEP Pe "CSDLGA—P ) 





PIN ASSIGNMENT 





ABSOLUTE MAXIMUM RATINGS : 


co leans [oy 


Operating Temperature iets, ° 
Storage Temperature 65 ~150 


* VOUTL is applied to segment output, and VOUT2 to zero 
BLOCK DIAGRAM output. 


BLANKING ce So 
stroBE (1)—f>o 













(TOP VIEW) 





7% SEGMENT 


ROL 


(4) 
G) | DECODER 
G 
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, 1CS069BP 


TCS068BP 


TRUTH TABLE 





ZERO 


PE EeEe eee 
IES 
ae 

SSO 900 S55 0565109 
PEE EEEEEPEEPEEEE 
SESE BISICIE GGG SI GlclGloly 
SESE SoBe Reale salsa 
SEP EPEEEPEPEEREER 
=] Sl af l= 

ee E PEER EE EEE 


EEE EEeEEPELEEE 
FREE PEGE EEDEE PEER 
PPEPPEPEE ELE 
PERE EEPPEEEEDEEE 
CPPEGLPEGEEGEEEE 
FEEEEEEEEEE| 


pelep ere ay a 
Hj HT 
a 
aft [a 
Lf ya 
Sf 
aE 
aE 
Lf ats 
aE 
ane 
eff o 
e[ay a 
fH | a 
BL sf a 
ac 
ppt fe 


TCS069BP “/A 


TCSOGSBP ZS 


Bf A fal eiec|al el t{]e/a| vp] cla] elt] gs] out 


22 Soe eee ee 





























Don’t care 
Undetermined 


a 
oe -4 
oe 


Re ” 
H 


Depends Upon the BCD code previously applicsd when SsT 


, 


ee Ry, 99 


uy 
® 
pb 
109) 
“d 
io) 
®O 
re 
q 
S 
oO 
re) 
ro 
rd 
a) 
ior 
re) 
O 
e 
ra 
5 
oO! 
@O 
oan 


, 





DISPLAY INDICATING TYPE 


Ay 
-Q 
© 
© 
O 
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TCS5069BP 





RECOMMENDED OPERATING CONDITIONS (Vss=0V) 


TC5068BP, TCSO69BP 





ELECTRICAL CHARACTERISTICS (Vgs=0V) 


-40°C 
CHARACTERISTIC | SYMBOL 
Pa | 
High Level | , 
Output Voltage VoH 


Low Level |Zour| < 1A 
Output Voltage Vew=Veo or V 
(ZERO OUT) IN *SS DD 


. VoH= 3V(Vpp-2V) 
High Level VoH= 2V(Vpp-3V) 
Output Current VoH= 7V(Vpp-3V) 
(Segment OUT) | VoH=12V (Vpp-3V) 


High Level VoH= 4.6V 
Output Current VoH= 9-5V 
(Zero OUT) VoH=13.5V 


Low Level 
Output Current 
(Zero OUT) 


VouT=0-> 3 4.5V 
High Level VouT=1.0, 9.0V 
Input Voltage VouT=1.5, 13.5 


VouT=0.5, 4.5V 5 
Low Level VouT=1.0, 9.0V} 10 
Input Voltage S VoutT=1-.5,13.5V | 15 
|Tour| <1uA 


Output Off-lea Vour=0Vv 15 = 
Current | Ilorr VouT=-30V 15 S 
(Segment OUT) | 
Current| "7,"" 
= 
Quiescent NINE $602 ‘VOD 
IpD 


1.5 

3.0 

4.0 
3 
10 
20 
40 
80 


Supply Current ee Open 





* Ry, = 20 kL? 


** All valid input combinations. 


990 


TCSO68BP, TCSO69BP 


SWITCHING CHARACTERISTICS (Ta=25°C, Vgs=OV, CL=50pF) 


CHARACTERISTIC SYMBOL | TEST CONDITION Yop 
V 
5 
Ry = 1 kp 10 
15 
5 











Output Rise Time 
(SEGMENT OUT) 









CTLH 


Output Rise Time 
(ZERO OUT) 





CTLH 






Output Fall Time 
(ZERO OUT) 





CTHL 









(Low-High) Propagation 
Delay Time 
(A,B,C,D-SEGMENT OUT) 


Il 
ke 
a 
~ 


CyLH RL 










(High-Low) Propagation 
Delay Time 
(A,B,C, D-SEGMENT 





tpHL Ry = 1 kQ 






OUT) 






vi 
Sl oes len io ile 
Wl UoUl nou] UVoul|uo 


(Low-High) Propagation 
Delay Time 
(A,B,C,D-ZERO OUT) 






tpLH 









(High-Low) Propagation 
Delay Time 
(A,B,C,D-ZERO OUT) 


tpHL 











(Low-High) Propagation 
Delay Time 
(BL-SEGMENT OUT) 


s) 


o a 
ul Mn 
be te 
BS B 
e 

Ou 


tp LH 













bY ise ilo 
Won; uoul!]uo 


(High-Low) Propagation 
Delay Time 
(BL-SEGMENT OUT) 





tp HL 


1S) 











Minimum ST Pulse Width CW 
(ST) 15 





Minimum Setup Time 
(ST-A,B,C,D IN) 





tsu 






15 


be 
ON 






Minimum Hold Time 
(ST-A,B,C,D IN) 


‘Input Capacitance CIN 





ct 
* 


loan om 
Wow ou 
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TC5068BP, TC5069BP 





SWITCHING TIME TEST CIRCUIT 





90%. 0 % 
10% 10% 


WAVE FORM 1 


A~D IN WAVE FORM 3 


ae OUT 


ZERO OUT 


WAVE FORM 2 


A~ DIN 


APPLICATION EXAMPLE 
FLUORESCENT DISPLAY TUBE DRIVE CIRCUIT 


Y VoD 


TC5068 | 
DATA D4 BP | 
OUTPUTS . 


GP Y.-F 
eel 


DIGIT Ge | 
OUTPUTS | | TC 5067BP 





“Ry, | 2OKQ~100KQ 


J92 


TCS068BP, TCS069BP 


APPLICATION EXAMPLE 


LEADING ZERO SUPPRESS CIRCUIT (STATIC DRIVE) 





993 


Mh 


TC3070P, TCSO7IP, C*MOS DIGITAL INTEGRATED CIRCUIT 
T65072P | SILICON MONOLITHIC 





TC5070P/TC5071P/TC5072P 6 DIGIT UNIVERSAL COUNTER 


TC5070P/TC5071P/TC5072P are 6-digit universal counter 
containing 6-digit memory register in addition to 
functions of up/down counting, data presetting, zero 
Suppress, and latch. 
The counted contents are output in BCD and seven 
Segment dynamically stepwise from most significant 
digit in synchronization with input of SCAN. 
The seven-segment output can directly drive the 
common cathode type LED. 
In addition to CARRY and ZERO outputs, these counter 
are provided with EQUAL output, permitting a wide 
range of applications such as for measuring 
instruments, timers, etc. 

Maximum counting value 
TC5070P 999999 COUNTER 
TC5071P 995959 TIMER 
TC5072P 595999 TIMER 















DIP 42 (6D42A—P) 










ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTIC RATING 


DC Supply Voltage Vss-0.5~ Vsst10 
Input Voltage VsSs-0.5~ Vppt0.5 
Output Voltage Vss-0.5~ Vppt0.5 


+10 








Power Dissipation 300 





Storage Temperature 


Rance -65~ 150 





Lead Temp./Time 260°C + 10sec 
PIN ASSIGNMENT 
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GGG 


BCD OUT SEGMENT OUT DIGIT OUT 
oO ag Rg 3 $ 
(2°) (2) AYR") (MSD) (LSD) 
AcE CD abcdefg De D5 Da Dg D2 YD] 
C) C) C) C) C) C) ©) C) © © © O O O C) C) ©) 


WYYOVId AI01¢8 






% SEGMENT 
DECODER / DRIVER 
aii DOOROR 
MULTIPLEXER ‘l i R i yf BLANKING =< “LZ. 
*% STORE O 6 DIGIT LATCH DIGIT COUNTER SCAN OSC Oo SCAN * 
W— Vop 
O< | —o SET 


COMPARATOR Oo EQUAL 


| EEL ——o CARRY 


Sea 04 ae a Ss (Oe Se Oe aeons 


eee ea ee a ee ee 
UP/DOWN COUNTER 





* UP/ DOWN o 
COUNT INHIBIT o 
*% COUNT o 

RESET o 







6 DIGIT REGISTER 








ee) eee ak eae es 
—— Pee 
O © O © O O) O O 2 f) 
LOAD Oe ~“GBO -GG- .6D Vag LOAD RA RB RC RD Vsg 
COUNTER (2°) (21) (2*) (2°) REGISTER (2) (21) (2?) 2) 
COUNTER BCD IN - REGISTER BCD IN 


* Schmitt trigger inputs. 


dZL0G91 ‘dl LOS91 dOLOSOL 


TC9070P, TC5071P, TC5072P. 





DESCRIPTION OF PIN FUNCTION 


PIN No. SYMBOL | | FUNCTION 


No connection 








VpD power supply (3-8V) 

At "LL" Wevel.. the digit counter is reset, and D6 (MSD) only 
provide. 

The Segment-out changes to the blanking state. 

At "H" level, normal display - operation. 


No zero blanking 


ie "Leading zero blanking in the higher order 5 digits. 





Each pin is seven segment output of 6-digit counter. The output 
is synchronized with the digit-out and is provided stepwise 
from the most significant digit. 


Each pin is BCD output of 6- -digit eounter: The output is 
synchronized with the digit-out and is provided stepwise from 
the most significant digit. 

When SET input is at "L'" level, the most significant digit data 
“| is DEOvr a eos 









S 


nan At positive edge of the STORE input, the contents of the 
counter are latched. | 
16 
The contents of the counter are straight transferred to 


the miltiplexer. 


= 
\© 


hf oe 
co} ~ 







At "H" level, the 6-digit counter is reset, and the contents of 


the counter become ALL "0". 


| BCD input at the time when data are preset to the 6-digit 
ZERO output become at "'H'' level. 
Auto scan oscillator is operated by connecting a capacitor 


= (2000-20000pF) between No.22 (SCAN) and No.23 (VSs) terminals. 









(With the LOAD COUNTER input at '"H" level.) 
| External scan oscillator may also be used to drive the scan 
input. © 





23 Vss GND (OV) 
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DESCRIPTION OF PIN FUNCTION (Cont'd) 


PIN No. SYMBOL FUNCTION 


When the contents of the 6-digit register set by the input of 
RA, RB, RC, and RD coincide with the contents of 6-digit 

2h EQUAL counter, EQUAL output is provided at "H" level. Even if both 
the contents coincide each other during setting by the inputs 


of LOAD REGISTER and LOAD COUNTER, the output is inhibited and 
= —— "ZL" level remains unchanged. 


25 D1(LSD) 

1% D2 These are the outputs to display the digits of segment out and 
gids at BCD-out. 

27 | D3 When SET input reaches "L' level, the digit counter is reset 


and D6 (MSD) only is provided. When SET input rises at "H" 
























ae level, the output is provided in the order of D5, D4...in 
D5 synchronization with the SCAN clock. 
D6 (MSD) 
LOAD:REGISTER | "H" RA~RD input is set to 6-digit register. 
ELOBDSE) ee Write operation to the register is inhibited. 
LOAD + COUNTER a he CA~CD input is preset to the 6-digit counter. 
RLOBDSC) a Write operation to the counter is inhibited. 
RD 
RC BCD input at the time when the data are set to the 6-digit 
register. 


(With the LOAD REGISTER input at "H" level.) 


Clock input of 6-digit counter 


COUNT Counting at the positive edge of clock) 


COUNT + INHIBIT 
(C- INH) 





No counting 


When the contents of counter have become "000000" at time of 
up-counting, CARRY output is provided at "H" level during this 
time from rise to fall of COUNT input. 

When the contents of counter have become "999999" (for TC5070P) 
"995959" (for TC5071P), and '595999" (for TC5072P) at time of 
down-counting, CARRY output is also provided at "H" level 
during this time from rise and fall of COUNT input. 





When the contents of counter have become '00000", ZERO is 
provided at "H" level. 

During presetting by the LOAD COUNTER input, output operation 
is inhibited and "L" level remains unchanged. 


: ° ! a , Cine)! ee 
Ad UP/DOWN a ae 
Te Down count. : 


42 NC No connection. 


ZERO 
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TIMING CHART 


6 DIGIT COUNTER TIMING CHART (TC5070P) ; LOAD:C, LOAD: R="L'" 


999998P99999 1000000 |000001] CoD000! s9e9e99| 999998999997] 999996] 999997l999998 000000 
coors LL nea! 
ie 
UP/ DOWN 
sues ce ae = 
reser | | | | | | [| [{[ | | 
ee ce esl eee ee 
pe pee eae 
ake —— oo ae ne eee 
Ss 
EQUAL = 
* Register value is preset to 999998. 
DIGIT COUNTER TIMING CHART 
oe a = > = (ies: FY. mall FL 
{ (cx) 
(EXTERNAL CLOCK a 
= SIC ae 
—s <r el calles = ee HT 


‘i alias cai le a 
; ot bee aes Ed 


| 











D1 (LSD) 
A~D 

= = 
bee SESE SESE = Se 


HZ : High impedance. (Segment driver off.) 


LOAD REGISTER, LOAD COUNTER TIMING CHART 


SCAN . 
(Cx) . * | Timing where data is 


each enemy |! permitted tobe written at 
the nth digit. 


LOAD COUNTER, 
LOAD REGISTER : : : 
* . Timing where data is written 


BCD IN at the nth digit. 
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OPERATING CONSIDERATION 
COUNTER OPERATION 
Counting is stepped by the rise of clock when the clock is added to COUNT input at 
state of the inputs of LOAD-C, C-INH, and RESET at "L'" level. At time of up- 
counting, CARRY and ZERO outputs are "H" level at "000000", and at time of down- 
counting, CARRY output is at "H" level at "999999" (for TC5070P), "995959" (for 
TC5O71P), and "595999: (for TC5072P). : 
When CARRY output is at "H" level, CARRY output remain at "H" leve until COUNT 
input falls, even if RESET and LOAD-C inputs are changed to "H" level. 
For COUNT and UP/DOWN inputs is shaped schmitt trigger, COUNT and UP/DOWN inputs 


rarely miscounts if waveform is not sharp. 


COMPARATOR OPERATION 

EQUAL output is provided at "H' level, when the contents of the counter coincide 
with the comparator value set by LOAD-R input. However, even if they concide each 
other during setting by LOAD-C and LOAD-R input, output operation is inhibited and 


"L'" level remains unchanged. 


LOAD COUNTER AND LOAD REGISTER OPERATIONS 

When the data required to preset the counter or when the comprating value is 
required to set to the register, such operation is made by LOAD-C and LOAD-R input. 
The presetting of data to the counter is acquired by setting LOAD-C input to "H" 
level, synchronizing CA~CD input with the digit counter, and setting the digits 
one after another. For the purpose, the external circuits are required for timing 
of D6~D1 output with CA~CD input. The comprator value can be set to the register 
in the same way. Load register operation is independently of counting operation; 


therfore, even during setting of the data to the register, counting can be 


performed. (See an example of input setting circuits.) 


(Note) that normal operation is not acquired when the data exceeding the maximum 
counting value (for each digit) shown on page 1 for the individual items are set 


to the counter and register. 


LATCH OPERATION 

At STORE input is at "L" level, the contents of counter are straight transferred 
to the multiplexer, and the output indicates the contents of counter. 

At STORE input is at "H" level, the indicating output remains unchanged although 


the count varies for the contents of counter are latched at the positive edge of 
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OPERATING CONSIDERATION (Cont'd) | | | _ | 
STORE input. When STORE is turned to "L" level, the contents of counter at that 


time are provided. STORE input shape schmitt trigger. 


15. DISPLAY OPERATION 
At LZB input is at "L" level, the higher order 5 digits. of SEGMENT-OUT output are 
changed to the state of leading zero blanking. . 
At "H" fave: the function of leading zero blanking is released. 
At SET input is at "L'" level, the SEGMENT-OUT output is changed to the state of 
blanking, and the digit counter is reset, and D6 (MSD) only is provided. At that 
time, the BCD-OUT output provided the data of the 6th digit. At "H" level, the 
DIGIT-—OUT output provided in the order of D6, D5, D4, ... in synchronization with 
SCAN, and SEGMENT-OUT and CD-OUT output are also provided in synchronization. 


Segment Display Format (Common Cathod type LED) 


O 1. 2 % 4 5 6 ” 8 9 10™~ 15 
te ee De ee eG 
i_f Fete od OP a PD iS Sah ee. 


16. SCANNING OPERATION 

1 AUTO SCAN operation can be performed by inserting a capacitor between the terminal 
SCAN and the terminal Vss. By adding an external clock to the terminal SCAN, 
MANUAL SCAN operation can be performed. 
SCAN OSC actuates the digit counter, and at the AUTO SCAN operation, the digit 
blanking is applied to each DIGIT OUT for the T/150 period of one cycle (T) of 
SCAN OSC, therfore, can be prevented overlap of each DIGIT OUT. One cycle of 
DIGIT OUT is equal to 6 cycles of SCAN OSC. 
SCAN signal synchronize with data signal setting by the LOAD REGISTER and/or LOAD 
COUNTER inputs. An external capacitor of 2000 to 20000pF is’ required for SCAN 
(CX). | | | | 
(Note) BCD-OUT output may involve some hazards at the change of COUNT input and 

DIGIT-OUT output; However, such hazards do not hinder operation because 


they occur during the blanking hours for DIGIT-OUT and SEGMENT-OUT output. 
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OPERATING CONSIDERATION (Cont'd 


OSC 


SCAN 


CTY Pe 25°C 


(Hz ) 


a 
file 


fosca = 





D-BLANKING 





DIGIT 
OUT 


fe 
SCAN ¢ 


10* 
101 


U 

















(s7; PNIMNVId-a 











a lm aD 
Icae ae i meee AS 40 7 a ee BR ee ee 
(eos eed fee AP ae ee ee ee 


I AA Tb 


cre 
rT TA ZZ ee 
Ines 7 ae ee ee eee eee eee 








10 





n// 4 
AP 727 A eR 6 i 


ANT UIT TTT 


(2H) OSOgz 


10° pes 


(us ) 


DIGIT OUT 


( pF) 


CX 


=0V) 


RECOMMENDED OPERATING CONDITIONS (Vgs 


mz 
© 
bY 
mH 
bi 
= 
Zz 
S) 
O 
cH 
ip) 
ies 
FH 


CHARACTERISTIC 


DC Supply Voltage 








| Input Voltage 


Operating Temperature 
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STATIC ELECTRICAL CHARACTERISTICS (Vsg=0V) 


SYM- 
CHARACTERISTIC 


High-Level Output 

Voltage 

(Except SEGMENT 
OUTPUT) 


Low-Level Output 
Voltage 
(Except SEGMENT 
| OUTPUT) 


High-Level Output 
Voltage 
(SEGMENT OUTPUT) 


_;Output High Current 
(A~D, EQ, CA, ZE 
OUTPUT) | 

jOutput High Current 
(D1~ D6 OUTPUT) 


Output Low Current 
(Except SEGMENT 
| OUTPUT) 


Output High Current 
(SEGMENT OUTPUT) 


Input Low Voltage 


(Except Schmitt 
Trigger Input) 


Input High Voltage 


(Except Schmitt 
Trigger Input) 


High-Level Input 

Current 

(Except Pull Up/ 
Down Resistance 
Input) 


V 


TEST 
CONDITION 


lIout | <1eA. 
ee VIN=VSS;Vpp 


| lout }<1#A 


Vin=Vss>Vpp 


lTout!<1l#A 


Vin=Vss>VpD 


VoH=4. 6V 


Vin=Vss>Vpp 


Vou=4. 2V 


Vin=Vss,VpDD 


VoL=0.4V 
VIN=VSs,VpD 


VoH=3.5V 


VIN=VSS>VpD 


VoH=4- OV 
VoL=0.5V 
lTour! <1#A 


VoH=4. OV 
VoL=0.5V 
lIour! <14A 





Poe we | 


VppD 
(V) 
E 
[ 
i 
4 
E 
: 
E 


| 
© 


| 
© 
~ 
n 
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4.95 


pe] ele] sis 
a 
° td 





re 


5.00 


ea) 


J 
4 
oa 


re 





}Quiescent Device 
Current 


STATIC ELECTRICAL CHARACTERISTICS (Vss=0V) 


VDD 
(V) 


SYM-| TEST 
CHARACTERISTIC CONDITION 


Low-Level Input 
Current 

(Except Pull Up/ 
Down Resistance 


High-Level Input | 


Low-Level Input 
Current 


(SET IN) 





High-Level Input 
Current 


(CA~CD, RA~RD, 
SCAN IN) 


Low-Level Input 
Current 


(CA~ CD, RA~RD IN) 


Low-Level Input 


i(Current 


1 (SCAN IN) 


Output Leakage 
ICurrent 


(SEGMENT OUT) 

| SCAN=Vpp 
SET, CA~ CD, 
RA~ RD OPEN 
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DYNAMIC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vpp=5.0V, Vss=OV, CL=50pF) 


CHARACTERISTIC SYMBOL TEST CONDITION MIN. 
Output Transition Time SEGMENT OUT (RL=1kQ)~ 


aye ei oe Except SEGMENT OUT 


COUNT-BCD, SEGMENT OUT 
(RL=1kQ) 


iia 6 cae 


MAX. | UNIT 


~~ 
© 
NO 
Oo 
i) 


re 
CS) 
© 
i 
je) 
© 


No 
© 
© 















750 |1500 






tpLH» tpHL 






~ 
© 


ke 
On 
© 
~~ 
© 
jen) 


tpLH, tpHL COUNT-CARRY OUT 


Propagation Delay Time tpLH, tpHL |COUNT-ZERO OUT 





tpLH, tpHL | COUNT-EQUAL OUT 


ea 
© 
© 


tpLH, tpHL SCAN-DIGIT OUT 

SCAN-BCD OUT 

SCAN-SEGMENT OUT (RL=1kQ) 
SCAN-SEGMENT OUT (RL=1kqQ) 


ui 
© 
© 


CpLH, tpHL 





500 {1000 





Propagation Delay Time 






COUNT IN * 









Clock Frequency 


Fk | BNO 

Oo} © 
we) 
© 
© 
> 
© 
© 


Ra} rR | | MN] hb | hb 
. 7 ‘3 © ir} ols 
om 
SN Ww 
© © 
i) © 


a 
oe 
N 





f cy, SCAN IN 0.5 
. Pulse Width oi RESET IN 250 | 500 
tw STORE IN | 80 | 160 
tsp | COUNT-STORE 150 
toy COUNT-UP /DOWN 230 | 500 
Set-up Time tsy STORE-CLEAR 130 300 
tsy SCAN IN-LOAD.C, LOAD-R ae 


SCAN IN—BCDIN 
COUNT-UP / DOWN 


Nm] Re] js 
CO} UF Mm NT © 
Ot Oe 


SCAN IN-LOAD-C, LOAD-R 





Hold Time H 
ty SCAN IN-BCDIN : 300 
Min. Removal Time trem COUNT-RESET 150 


Except Schmitt Trigger 
Input 

Except Schmitt Trigger 
Input 


IMax. Input Rise/Fall 
Time 


Positive Trigger 
iThreshold Voltage 
Negative Trigger 
Threshold Voltage 
\Hysteresis Voltage 


t+ch 
trcLh 





S 


_~ 


| aw | ¥Y 





ct ct ct 
min 


< 
Ko 


<a <j 
~ an A 
© bk 
° ° NO ho " 


re} oe wo bo N] 
° . : Bla} slo; s 
N | oo -) yal anya ae a ea a bem 
> 
i . i 
2 


964 


TC5070P, TC5071P, TC5072P 





DYNAMIC ELECTRICAL CAHRACTERISTICS (Ta=25°C, Vpp=5.0V, Vss=OV, Cy,,=50pF) 

Fcunnscronismie [shor | ‘fast conpivion 
COUNT IN = H & L 

(CX=2000 ~ 20000pF ) COUNT IN = 1 MHz 

Input Capacitance Except SCAN IN 


Quiescent Device Current 





* The count operation can respond as far as fey-l, and CARRY, EQUAL, and ZERO outputs 
can respond as far as fo, -2. 


WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 


WAVEFORM 1 
COUNT 


ZERO OUT 
EQUAL OUT 
CARRY OUT 
a eee OUT 
aeD OUT 


WAVEFORM | 2 


Di~ DO OUT 


ALD OUT 

ao ge OUT 
WAVEFORM 3 

COUNT 

UP/ DOWN 

C-INH 





ty 


STORE 50% 450% 50% 
alae ts 





+ Of or 
RESET 50 70 50 /O 
tgu 4 trem 
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WAVEFORMS FOR MEASUREMENT OF DYNAMIC CHARACTERISTICS 
WAVEFORM 4 


* Output tr and tr 


TYPICAL INPUT -SELECT CIRCUIT 


IN CASE OF DATA PRESETTING WITH 


TCSO7O0P 


IN CASE OF DATA PRESETTING WITH 


TCS5070P 





>: note the output change time during 10~90% of Vout. 





DIGITAL SWITCH,ETC. 


* In case of presetting 569723 


MICRO—COMPUTER, ETC. 


SCAN De D6 5 4 Ds 2 Dy 
5 | { | 
Loap:c _J | | | | 


| i 
9 CC CO, 


SET 


CA~ CD 


* In case of presetting 569723 
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‘ 





APPLICATION CIRCUIT 


IIS IBIS BBE 
Id =f]: (l= fe TLRS12 X 6 


TC4050BP TC6R004P 


abcdefeg 


181588 


DIGITAL-SW 


(O~9) 
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TC 71400BP C*MOS DIGITAL INTEGRATED CIRCUIT 
“TU | SILICON MONOLITHIC 





TC7400BP QUAD 2-INPUT POSITIVE NAND GATE 
TC7400BP is two input positive logic NAND gate. 









Since all the outputs of this gate are equiped with 





buffers which consist of inverters, the input/output 
transmission characteristic has been improved and the 
variation of transmission time caused by increase of 


load capacity has been kept minimum. 


DIP 14 (3D14A-—P) 





ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 


CHARACTERISTIC SYMBOL RATING UNIT 
a Vgs-0.5~Vggt20 V 


Input Voltage Vss-0.5~Vppt0.5 
Output Voltage Vout | Vsg-0.5~Vppto.5 





TC7400BP 





VDD 

VIN 
DC Input Current tne 
Power Dissipation PPD | 
ata Temperature -65 ~150 
ange 


260°C + 10sec 





LOGIC DIAGRAM 





1/74 TC7400BP 


568 


TC7400BP 





RECOMMENDED OPERATING CONDITIONS (VSS=OV) 









Supply Voleage 


Input Voltage 
Operating Temp. 








ELECTRICAL CHARACTERISTICS (VSS=0V) 


-40° ary 
CHARACTERISTIC SYMBOL|TEST CRDITTONS ODT iy 
we 


l\Lour!< 1luA 
VIN = Vss;,VDD 













"H" Level 
Output Voltage 







"ZT" Level 
Output Voltage 














"H'" Level 
Output Current 



















"L" Level 
Output Current 


























"H' Level Input 
Voltage 










VOUT= 4.5V_ 
VOUT= 9.OV 
VouT= 13.5V 


us 

5 
10 
15 

5 
10 
15 






"ZL" Level 
Input Voltage 







taoue "H" Level VIH = 18V 1 


Quiescent 


Supply Current 





* All valid input combinations 
SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL=50pF) 


CHARACTERISTIC SYMBOL! TEST CONDITIONS 
Fal | 
jem f 





Output Rise Time 














Output Fall Time 





TC7400BP 





SWITCHING CHARACTERISTICS (Ta=25°C, Vgs-OV, Cy=50pF) 


TEST 
CHARACTERISTIC SYMBOL CONDITIONS Vpp(V) UNIT 


(Low-High) 
Propagation 
Delay Time 







TC7400BP 







(High=Low) 
Propagation 
Delay Time 






Ip TEST CIRCUIT 


WAVEFORM 


* INPUT PULSE CONDITION 
DUTY RATIO = 50% 


OUTPUT 
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C’MOS DIGITAL INTEGRATED CIRCUIT TC 74Q4UBP 
SILICON MONOLITHIC 


TC7404UBP HEX INVERTING BUFFER 





TC7404UBP contains six circuits of inverter type 


buffers. This has pin to pin compatibility with 


TC4069UBP and its large output current enables to 


directly drive one TTL with 5 voit power supply. 
In addition to its original application as inverters, 
this can be used as clock drivers and for TTL 


interface circuits. 





DIP 14 (3D14A-P) 





ABSOLUTE MAXIMUM RATINGS 
PIN ASSIGNMENT 


Storage Temperature 
Range 


260 C . 10sec 





CIRCUIT DIAGRAM 


Vpp (1/6 TC7404UBP ) 


OUT E 





RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


CHARACTERISTIC SYMBOL 
IDC Supply Voltage 


Input Voltage 
Operating Temperature Range 
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BLECTRICAL CHARACTERISTICS (Vog=OV) 






CHARACTERISTIC 


<< 


<0 
o 


High Level Output 
Voltage 


io 
now 


Low Level Output \Ioyt| <1UA 
Voltage Vin=Vpp 


bt bo 
Wow 


High Level Output VoH=2-5V 
Current Vop=?2-5V 


Voy=13 cov 
Low Level Output 
| Current 


| High Level Input 
Voitage 


WH 
“MI BO BO 
au 


ba 
noun 
No 
NAW 
ono es, 
; 
oO1o NN e 
ee) iee 


OA Of 
Oooed |} w 


he 
mou 
NO 
SoS 


be 


Tour! <1vA 


OL 
| Low Level Input Your! 
Vout=? .OV 
Voltage IL -13.5 
Voyt=t3-oV 
Ip 





| | [Tout! <1uA 
H.Level Input Curre fe Ip ViH=18V | 
L.Level Input Curre VIL=OV 


| Quiescent Current 
| Consumption Vin=Vss>Vpp 
. * 


* All valid input combination 


SWITCHING CHARACTERISTICS (Ta=25°C, V 


I 

V 

V 
t 





on ae lee ie 
in OW |] o Come, 


— 


sg OV! C,=50PF) 


SYMBOL |TEST CONDITIONS 
[svmsor Vpp CV) 
CTLH 5 130 400 
| 10. 65 200 
3 15 50 160 
5 100 | 200 of 
CoHL 10 
: sia 


50 100. 
572 







CHARACTERISTIC 






| Output Rise Time 


Output Fall Time 
40 80 





TC7404UBP 





SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL=50pF) 


TEST 
TE SYMBO MIN. YP. UNIT 
Sauies CONDITIONS —|vpp (v pm. | ome. | max. | wet 
2 80 150 


(Low-Hi gh) 












is 40 100 ns 
15 _ 35 80 


5 50 150 
tpHL 10 30 100 
15 25 80 


SWITCHING TIME TEST CIRCUIT AND WAVEFORM 


Propagation Delay 








Time 










(High-Low) 





Propagation Delay 


Time 


OUTPUT 


P.G.: PULSE GENERATOR 
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16 /4/76BP C’MOS DIGITAL INTEGRATED CIRCUIT 
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TC7476BP DUAL J-K MASTER-SLAVE FLIP-FLOP 
TC7476BP is J-K master-slave flip-flop having RESET 


and SET functions. 

J-K Mode ; When clock input is applied with RESET 
and SET kept at "H", the output varies 
depending on the conditions of J and L at 
the falling edge of CLOCK input. 

R-S Mode ; When RESET is set to "L", output Q becomes 
"L" regardless of other inputs, and when DLP Le CSDI6 ASP) 


SET is set "L" and RESET is set "H", Q 





becomes "H" regardless of other inputs. 


PIN ASSIGNMENT 





ABSOLUTE MAXIMUM RATINGS 


5 
Itn 
Pp 
















“0 
re | 300 








-65 ~150 






Stora Temperatur 

ere aed 
ange 

Lead Temp./Time 


LOGIC DIAGRAM 







Power Dissipation 





260°C + 10sec 











INPUTS 
PR] | a | « [enn 


OUTPUT 


D 


Ei 
a 
i 
ea 
fa 


on ee 
on | ma 


H 
L 
L 
Q 
H 
Q 


n 
L 
n 







cl 
2 
: a 
ae 
rk 












/\ Level change 
: No change 
* « Change 
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RECOMMENDED OPERATING CONDITIONS (VSS=0V) | 


Tnput Voltage ; ee ee 
Operating Temp. Ss A 


















ELECTRICAL CHARACTERISTICS (VSS=0V) 













CHARACTERISTIC 







: mae 5 | 4.95 4.95} 5.00 4.95 
| ouE a 10 | 9.9 9.95/10.00 9.95 
VIN = Vss,VDD | 15 | 14.95 14.95|/15.00 14.95 
Vv 
5 0.05 0.00] 0.05 
I 2 1GA 
: ms ie 10 0.05 8.08 = 
IN = Vss,YDD | 75 0.05 0.00! 0.05 


VoH = 4.6V 5 
VoH = 9.5V 10 
VoH = 13.5V 15 


VIN = Vss,VpD 







"H" Level 
Output Voltage 









"EZ" Level 
Output Voltage 






















"H" Level 
Output Current 













"L" Level 
Output Current 













To, 






VIN = Vss,Vpp 
VoutT=0.5V,4.5V 5 
VouT=1.0V,9.0V | 10 
VouT=1.5V,13.5Vi 15 
Set 
VoyT=0 -5V,4.5V 5 


VouT=1.0V,9.0OV | 10 
VoutT=1.5V,13.5Vi 15 


om 
VL 
|LouT| < 1A 







"H'" Level Input 
Voltage 















"L" Level 
Input Voltage 

















Input 


: : m 
-1.0 
0.002} 4.0 30 
Inn |Vin = Vss.Vpp 0.004] 8.0 60 | wA 
* 0.008] 16.0 120 
* All valid input combinations 


SWITCHING CHARACTERISTICS (Ta=25°C, VSS=0V, CL=50pF) 


| CHARACTERISTIC SYMBOL| TEST CONDITIONS Yop | man. | rye. | max. MAX. UNIT 
| Vv 

5 130 400 
CTLH 10 65 200 
15 50 160 

5 100 200 ss 
CTHL 10 50 100 
15 40 80 


Quie scent 
Supply Current 





5 
10 
15 






HH 
Oo f- 
oo © 








Output Rise Time 










Output Fall Time 


575 
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SWITCHING CHARACTERISTICS (Ta=25°C, Vo GOV, C L 28 pF) 


TEST 
STI SYMBOL 
CHARACTERISTIC — ee 

Low-High) Propaga- 
tion Delay Time Waveform 1 
(CLOCK - Q, Q) 

eae 

four | wevetom 2 

a ee 
























(High-Low) Propaga- 
1tion Delay Time | 
(CLOCK - Q, Q) 
(Low-High) Propaga- 
tion Delay Time | 
(Cis PRo= Q; Q) 
(High-Low) Propaga- 
tion Delay Time 


(CL, PR = 05. Q) 






































- Clock Rise Time trch Waveform 1 10 S 

. Clock Fall Time tec, 15 = 
: 5 500 

Min. Pulse Width Waveform 10 250 ns 
(SET, RESET) | 15 200 






Min. Set-up Time Waveform 


5 250 
10 125 ns 
ED | 100 | | 


SWITCHING TIME TEST WAVEFORMS 


WAVEFORM 1 d0ne - 20ng 


TEST CONDITION TEST 1 





a BD GND 
erp Bree Yop | P-S-2 | : 


WAVEFORM 2 | WAVEFORM 3 





TEST 2 20ns 20ns pets 20ns 20ns 
_ 90% | F 90 aie a oe \ 
SET \ 3% Vox - \ ee , 50% 0% Yon = \ 





20ns 20ng er nS 20ns 








=k O07 o07 ese | Fo0T% | 90% / 
RESET + BOY y CLOCK / ‘ : / 

\“L0z ¥ 10% £107 , 10% / 
t 

" 907% pHL / . 

Q 50% | Q 
Oh -_ ee 

ee t HL os ou ~ s 
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C’MOS DIGITAL INTEGRATED CIRCUIT TO@5090AP 
SILICON MONOLITHIC 


TC5090AP PENTAPHASIC INTEGRATION 8-BIT A/D CONVERTER 


The TC5090AP is a pentaphase integration 8-bit A/D 
converter of high precision and low power consumption, 
which is mounted in a compact 1l6-pin standard package. 
The 8-bit output data can be taken out in the form of 
time-shared higher order 4 bits and lower order 4 bits 
on four 3-state data outputs. 

This output system is designed specifically 
considering interface to 4-bit CPU. 

The features of low power consumption and compact 
outline are applicable to battery-driven small-sized 


instruments. Diy Le-CSDI6n=P> 


FEATURES: 
High precision : t1 LSB MAX. 
Low power consumption: LOmW(Typ.) @¢ 
Single power supply : Vpp=51t1.5V 


Vop=2V ) 
fosc=1MHz 
fi ! 
High-speed conversion: 2mS(Max.) @foSc=1.5MHz PIN ASSIGNMENT 
- Reference clock oscillation circuit contained 
(CR oscillation) 
3-state output with output tLatch 
TTL/CMOS compatible digital Input/Output 


Offset automatic correction 


|APPLICATIONS: 

. Various control instruments (for temperature, 
humidity, pressure, etc.) 

. Home electric appliances 
Electric wiring apparatuses 
Battery-—driven instruments 





ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTIC S 
DC Supply Voltage 





Input Voltage 


(TOP VIEW) 


Output Voltage 
DC Input Current 


Power Dissipation 
Operating Temperature 
Range 





-65 ~ 150 





Storage Temperature 
Range 
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BLOCK DIAGRAM 






















RT CI 


Rf 
STC EOC 
INTO OSCIN aaa OSCouUT 0 0 






Inte- 
grator 





Oscillation 





Compactor 






circuit 









Control circuit and 
counter 


Data latch 

Multiplexer | QO RSEL 
Vpn Q a ae 
Vss * 3-state buffer OQ RENB 
a ae ae 
0 1 Z 3 
Data Outputs 







Offset drift 
automatic cor 
recting circui 









TIMING DIAGRAM 





I 0 I Il | EEL 0 I 


Correction : Correction 
Conversion cycle 
cycle cycle 


Vc fee a 
a i be 5 ee 
VINTO eee 


perce ator ass 
put Voltage 








VINTI 
(integrator In-, Vss VDD Vss 








put Voltage 
STC 
EOC 
DATA Old data New data 
VDD 


1/2 VDD 
Vss 
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FUNCTION OF EACH PIN 


oo SYMBOL 








(Read Enable) 
Data read signal. 


mye ‘ 
e 









The data 0.3 can be 
output. 

The output above is at 
high impedance. 


(Read Select) 

Input to select the higher 
order 4 bits or the lower 
order 4 bits to 4-bit data 
output. 

"AH": Output of the higher 
order 4 bits. 

Output of the lower 
order 4 bits. 


RENB 
ad Paks : 








Th 
bee 









“RSEL 


ee . 
e 





(Analog Input) 
AIN ; : 
Analog input terminals. 


Input voltage range is Vpp. Vss. 


(Start Conversion) 
Conversion starting signal. 
Conversion starts at the fall- 
ing edge. 





STC 


Pe foe | os 









(Integrator Input, Integrator 
Junction, Integrator Output) 


Gi 
tH 
Zz 
Hy 
tH 


Integrator consists of 
external resistor Ry and 


NT 0 | external capacitor Cy. 


i 
tH tH 
Zz 
ri 
aie 


<j 
TT 


NAME & FUNCTION SYMBOL NAME & FUNCTION 


c (Ground) 
Normally OV 


TCSOS0AP 


I/O for reference clock 
oscillation. Clock oscillation 
can be made by means of external 

























G ose 18 











registance. Clock can be sup- 
plied from outside through 
10 |OSC OUT] input of OSC IN. 

Ey DATA 0 (3-state Parallel Data Outputs) 

fae] ee Conversion data output. 

ie | DATA2 |The data 0 is LSB, and the 
data 3 is MSB. 

DATA 3 


(End of Conversion) 


Conversion ending signal. 
EOC goes to "L" level at the 
fall of STC, and returns to 
"H" level at the end of 
conversion. 


15 













(Power Supply) 
SVELS5V 






6 


Sea 
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FUNCTIONAL DESCRIPTION 


(1) 


(a) 


is composed of the correction cycle 


System Description (Pentaphasic Integration) 


- 





The operation of the TC5090AP 






Power On 


and the conversion cycle as shown 






Initial cor-. Min. 64 Cor- 


rection period 







in the timing chart. While the 





power is switched on, the repeti- 






tion of correction cycle and con- : 
. Correction cycle} PHASE 0,I 
version cycle enables the TC5090AP 
at make A/D conversion under the 
optimum conditions at all times. <ste of > 
; : ‘ YES 

The operation flowchart is shownin PHASE 0,1, 

Initial correction period 

The internal state of this LSI is 

reasonably unsettled at the time Fig. 1 Operation Flowchart 


when the power is switched on; 
therefore, the initial correction cycle is requires before stable 


converting operation becomes possible. 


The correction cycle automatically corrects conversion error 
caused by offset voltage of the integrator or the like, and 

is composed of the period (PHASE 0) for which Vpp is integrated 
and the period (PHASE I) for which Vsg is integrated. 


Since system correction is performed in steps at the end of 
this PHASE I, 64 correction cycles (64 * 1024° Togc) are 
required as the initial correction period. (Tosc denotes 


one clock cycle.) 


580 


rection cycles 


TCSOSOAP 





(c) 


Conversion cycle 


If the initial corection cycle period is completed, normal conver- 
sion becomes possible. 

When STC input is given, (although the correction cycle in 

PHASE O or PHASE Ll is in operation at this time), the curréc- 


tion operation stops, and the conversion cycle starts. 


In other words, even if STC input is given, this LSI performs 
the same operation as the correction cycle until PHASE I is 
completed; but it does not perform the correction at the time 
of completion of PHASE I, and shifts to PHASE II. Therefore, 
attention should be given to the fact that PHASE I prior to 
PHASE II does not act as correction cycle. 

When STC input is given, the LSI integrates analog input in 
PHASE III through PHASE I and PHASE II, performing digital 
conversion in PHASE IV. When the LSI completes digital con- 
version in PHASE IV, the output is turned to the new data and 


the LSI returns to the correction cycle. 


Correction cycle 


When the next STC input is given between completion of 
arbitrary conversion cycle (at the time of completion of 
PHASE IV) and completion of one correction cycle (1024-Tosc), 
no correction is substantially made. Therefore, in case the 
STC input is consecutively given, another STC should be 

given after the lapse of one correction cycle at the earliest 
from completion of PHASE IV. When the STC input is given 
during conversion (while EOC is at "L"'" level), the STC cannot 


be accepted. 
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(d) Constant of integration 


The Ry and Cy composing the integrator should be selected 


to satisfy the following equation. 


103 
£OSC 





R{Cr = (0.92.5) [s] 


Attention should be paid to the fact that, when the external 


R oscillation is used, fosc has +30% variations in regard to 
the typ. value in Fig. 5 due to variations in sample and 


temperature characteristic. 


In other words, if the typ. value in Fig. 5 is denoted by 
fR-TYP, the R{ and Crt should be selected according to the 
following equation. 

10° 


RyCy = (1.2 %1.75) °* ee 


[Ss] 


(2) Output Data Mode 


TRUTH TABLE 


DIGITAL OUTPUTS 


__RSEL = "ZL" 
ANALOG INPUT 
DATA | DATA] DATA | DATA | DATA 


























Note : Vsg = OV 1 LSB = Vpp/256 
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(3) 


(4) 


8-bit digital data is output on four data lines after 
having been divided into the higher order 4 bits and the lower 
order 4 bits. Either the higher order bits or the lower order 


bits can be selected by RSEL. 


System Clock Oscillation Circuit 


For oscillating reference clock the oscillation circuit is 


composed of external resistors as shown in Fig. 2. 


OSC OSC OSC OSC 
IN OUT IN OUT 
or 
Rf External Clock 


JUUL 


Fig.2 Clock Supplying Methods 


Timings for STC-EOC and EOC-DATA 


o Time (tgp) from the fall of pe oe 


STC to the fall of EOC. 


EOC 
1 3 
tsE=5 Tosc * 9 Tosc tSE tES 
o Time (tpE) from the out of DATA 
DATA output to the rise of EOC CDE 
tpE = eee Fig.3 Timing chart of STC/EOC 


2 


o Min. time (tpg) from the rise of EOC to the accpetance of 


another STC. 


1 3 
tes = 5 Tosc ~ > Tosc 
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(5) 


Timings for STC Input and RSEL/RENB Input 


STC signal is. taken in synchro- 
STC | | 


nously with the internal clock; there- 


fore, if TOSC denotes one clock cycle Dae 
of OSC terminal, the pulse width of ae 
tw ‘thold 
more than (2-Tosc) is required. 
Either RSEL input or RENB input Fig.4 Timing chart of 


is required to be set to "H" level at Control Input 


the falling time of STC by reason of internal structure. 


Further, the hold time of (Tosc + 50ns) or more after the falling 
time of STC at least for "H' level time of RSEL or REMB is required. 


NOTE : tw>2-Tosc, thold> Tosc + 50ns 
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RECOMMENDED OPERATING CONDITIONS (Vss= Ov) 


ITEM sympon | tn | typ. | max. | unre 
Supply Voltage VDD 339 


5 6.5 
Input Voltage VIN 0 - VDD V 





































Integral Resistor RT 0.4 


Integral Capacitor CI Note ee 


Oscillatory Resistance 


















Note: Refer to Fuction Description (1) for determing the values of Ry and Cj7, 
respectively, 


ELECTRICAL CHARACTERISTICS (Vss= ov) 


SYM- TEST 
meee CONDITIONS 


| tout] <1lyA 
Vin=Vss, VDD 





Input High Voltage | Voy 


| Tout |<1lua 


Output Low Voltage | Voz VIN=Vss.Vpp 
= ’ 


VoH=4.0V 
VIN=Vss,Vpp 
CELT ES tierce ee ae ee 

VOoL=0.4V * 


VIN=Vss,; Vpp 


Output High Current} Ioy 








Output Low Current | IoL 











Input High Voltage | VIH 











Input Low Voltage Vit'ls 











Output Disable IpH 
Current Ipn, 











ITH 


Input Current 
ae 


| Analog Switch Off- 


Leak Current 








| Operating Con- 


fOSC= 1 MHz 
sumption Current 





* Applicable to digital input/output. Not applicable to analog input/output and 
OSCIN/OSCouT. 
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SWITCHING CHARACTERISTICS (VpD=5v, VSS=O0V, Ta= 25°C, CL=50 pF) 


ITEM SYMBOL TEST CONDITION 








MIN. T 


re 


o | | Pep PE 
ho 
oe) co 
© © rd 


ey 
=) 
=) 


MAX. UNIT 


50 __ 100 
40 100 


180 400 
























Output Rise Time 


Output Fall Time 
(Low-High) Propaga- 
tion Delay Time 
(High-Low) Propaga- 


tTHL 
CpLH 















RSEL("L">"H")-DATA OUT 















L 
tion Delay Time oe ga ce 
for Na | 
Ge ee RSEL("H">"L")-DATA OUT : 
6 Topas tpHL 300 700 ns 


tion Delay Time 










Output Enable Time 250 


RENB-DATA OUT 







tLZ 


Output Disable Time 
utp isable Tim ) eae 





























Max. Clock Frequency EMaxd | OSC Input 1.5 MHz 
Min. Clock Frequency fMINdé | OSC Input 100 kHz 








Input Capacity CIN Digital Inputs 


3-State Output COUT 
Capacity 


SYSTEM CHARACTERISTICS (Ta=-40% 85°C) 


ITEM SYMBOL TEST .CONDITION | MIN. 


tere point trror | ae 
EFS 
tw. 


ee) 
> © 
ae) 
as 








ne] 
as 


| 
on | 
: 
I 
Ae) 
= 


TYP. UNIT 




















H 
lH 













Full Scale Error 


H 
lr 
H- 
e 
om 
—" 
wW 


Nonlinearity | 


Cconv 


* fosc : OSC terminal clock frequency [Hz], FS : Full Scale voltage, Vpp level 


STC Min. Pulse Width 


Conversion Time 
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TEST CIRCUIT “ 


Ipp(opr.) Test Circuit 


Switching Time Test Circuit 


Rf is adjusted as fosc =1MHz. 





SWITCHING CHARACTERISTICS TEST WAVEFORMS 

















1. tpLH, tpHL (RSEL-DATA) Be ET Ss EGS ES CET, 
20ns 20ns 20ns 20ns 
RSEL 
RENB 
DATAQ13 
DATAn™ 
36. ‘ty CS'EC) 
20ns 20ns 
STC te 
107 
tw 
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CG Soe GO He a 


1M 


300k 500k 


Clock Frequency fOSC (Hz) | 
N-channel Output Buffer Drain 


Current Characteristics 





Fig. 4 


queziny) uotidunsuo) Butzer9dg 








Vpp - IDD(opr) 
P-channel Output Buffer Drain 


Current Characteristics 


g 
e) 
an 
x) 
a0) 
pee 
re 
i 
YO 
n 
‘o) 
aa) 
Z 


be) 





ailing uotqgdunsuoy) Butjesedg 


STANDARD CHARACTERISTICS CHARTS 


Fig. 1 
Fig. 5) 


TC5090AP 





SGieeem 
ee) nea 
rr 


N oO 
re 


14 


tty fe 
FEE EEE 
enw es tae 











(VH@) dy  JUeATAND uTeAg 





-4 


Se Ree RRRY, 
SRe Res See 


Drain to Source Potential Difference VDS(V 
-6 -5 -3 
= -5V 


VGs 
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R£E[Q] 





30k 50k 100k 











10k 
External Resistor 











Fig. 7 


Wo 
io) 
>) 


(Note) 








ni 
oO 
co) 





TC5O90AP 





Cpd - VDD (RSEL (L-*H)-DATA) 


Cod - VDD 


(PENB-DATA) Fig. 8 








Ta=25°C TYP. ee ae ae 
mat SEE EEE == 











qr 


= 
7) 
G 

4 
ae) 
Ay 
1 
ro] 
= 
‘4 
EH 
Py 
a0} 
cl 
J) 
A 
7 
@) 
om 
41 
40) 

; OD 
ra] 
A, 
o) 
M4 

Ay 


Fa 











rT 
se) 
a" 
Be 





: 
il 


ert 






































5 6 
VpD(V) 


ct gee 


Supply Voltage VDD(V) Supply Voltage 





~ VPD(RSEL(H > L)-DATA) 







Pott fy CE SO SN SD Aen SR 


OS Pee oR 


FEEHEPSSEC RSH Yoossv 


Fett SE NEE 
ae nN 

























































Integrator Time Constant Ry-Ct(s) 


Supply Voltage Vpp(V) Clock Frequency fOSC (Hz) 


The characteristics at Fig. 10 have been prepared for reference at the 
time of determination of an integrator time constant, according to the 


equation of for determing Ry-Cyq. 
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fosc 





(RU-Cr= (0.92.5) [Sec]) 


In case of the determination of Ry and Cy, the product, or the value, 
of Ry and Cy is required to be within the range of MIN. to MAX. as shown 


in Fig. 10 after due consideration of dispersion. 


989 
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== | SILICON MONOLITHIC 





TC5091AP PENTAPHASIC INTEGRATION 8-5:T A/D CONVERTER 


The TC5091AP is a pentaphasic integration 8-bit A/D 
converter of high precision and low power consumption. 
The 8-bit output data can be taken out in the form of 
time-shared higher order 4 bits and lower order 4 bits 
on four 3-state data output. Either the higher order 
bits or the lower order bits can be selected by RSEL 
input. This output system is designed specifically 
considering interface to 4-bit CPU. 

Further, since this converter has an analog 
multiplexer capable of selecting. the input data up to 
six channels, an over-range flag, and a serial clock 
output function, it is used for a variety of 
applications. 


FEATURES: 

. High precision : tLSB(Max.) 

. Low power consumption: 10mW(Typ.) @( 

. Single power supply : Vpp=5t1.5V 

. High-speed conversion: 2ms(Max.) @foSc=1.5MHz 
6-channel analog multiplexer contained 

. Reference clock oscillation cirucit contained 
(CR oscillation) . | 

. 3-state output with output latch | 

. TTL/CMOS compatible digital Input/Output 

Offset automatic correction 


APPLICATIONS: 
. Various control instruments 

(for temperature, humidity, pressure, etc.) 
. Home electric appliances 

Electrical wiring apparatuses 
. Battery-—driven instruments 



























DIP 28( 6D2Z8A—P) 





Vpp=5V 
£fOSC=1MHz 


) PIN ASSIGNMENT 





ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage 
Input Voltage 
V 
Pp 





OSC OUT 
osc IN 


Output Voltage Vgs-0.5 ~Vpp+0.5 


Reference Supply 
~~ + z 


Analog Ground Voltage VAGND 


STC 


(TOP VIEW) 








DC Input Current 





Power Dissipation 











Operating Temperature 
Range 
Storage Temperature 
Range 
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BLOCK DIAGRAM 


RI CI 


| 
ity {ints | 
Id INT L INTo  OSCIn} 4 Oscour SiC EOC 


O 
= Integ- 


Oscillation 


Comparator : ; 
P Circuit 


Control circuit 


Off-set drift 
and counter 


automatic cor- 


Sistas oie eaceal dcdiag | 
See latch 


oe Channel select- | Multiplexer | 

ing decoder ee as ae 
ee ee te el 3- -state buffer 

onan a esas 
0 1 2 


VDD 


Analog Inputs 


NS 
Channel Select Inputs Data Outputs 





tee ime 


TIMING DIAGRAM 


I 
Correctio . 
“.________ Conversion cycle 
cycle 


Vc 





VINT O 
Integrator out- 
put voltage 


Vv 
ae AGND | VREF |; AGND | V | | AGND | VREF | AGND 
Integrator in- 


put voltage ) 





( 


STC 
EOC 


DATA 
(Include OVER FLOW) 


GCKO 
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FUNCTION OF EACH PIN 


con SYMBOL NAME & FUNCTION : SYMBOL NAME & FUNCTION 


(Channel Select Inputs) I/O for reference clocl os- 
Address inputs to select ana- OSC IN | cillation. Clock oscillation 
OSC OUT 













log inputs, which consist of can be made by means of ex- 
three terminals of CHSQ%2. ternal registance. Clock can 
be supplied from outside 
through input of OSC IN. 







These select inputs are taken 
into the internal latch by 
the falling edge of STC 
inputs. 

Test mode should not be used. 













(Read Select) 
Input to select the higher 
order 4 bits or the lower 
order 4 bits to 4-bit data 
output. | 
"H": Output of the higher 
order 4 bits. 
"L": Output of the lower 
order 4 bits. 



























TRUTH TABLE OF MULTIPLEXER 































Fee 













(Read Enable) 

Data read signal. 

"H":; The data 0%3 and over- 
flow can be output. 

"L": The output above is at 

high impedance. 















Gua 














* Test Conditions 















(3-state Parallel Data Outputs) 
Conversion data output. 

The data 0 is LSB, and the 
data 3 is MSB. 


(Reference Voltage) 
Reference voltage supplying 
terminal, which performs as 
full-scale voltage of A[N. 




















<7 










In case of overrange or 
underranbe, "H' level is 
output and the output is 3- 
state output. 


(Analog Ground) 
Electrical potential to deter- 
mine "zero point" of A{N. 














(Gated Clock Output) 
Pulses of number equivalent to 
the conversion data are out- 
put during conversion 

(356 pulses at full scale) 















(Integrator Input, Integrator 
Junction, Integrator Output) 



















(End of Conversion) 
Conversion endig signal, EOC 
goes to "L" level at the fall 
of STC, and returns to "H" 
level at the endof conversion. 





INT I 











12 INT J 
| 13 | INTO 
| 14 Vss 

a ~ 


Integrator consists of ex- 
ternal resistor RJ and ex- 
ternal capacitor Cy. 





(Channel Select Input) 
Refer to Pins 1 and 2. 

















(Digital Ground) 
Normally OV 
(Start Conversion) 


Conversion starting signal. 
Conversion starts at the fall- 


ing edge. 















| (Power Supply) 
5V + 1.5V 
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FUNCTIONAL DESCRIPTION 


(1) System Description (Pentaphasic Integration) 


The operation of the TC5091AP 
is composed of the correction cycle 
and the conversion cycle as shown — 
Initial correc- 
tion period 





Min.64 Cor- 


in the timing chart. While the rection cycles 






power is switched on, the repeti-~ 






tion of correction cycle and con- ; 
rAse 0, 1 
version cycle enables the TC5091AP 
at make A/D conversion under the 
optimum conditions at all times. <ste on > 
The operation flowcahrt is shown in YES 
PHASE 0, I 
Bigs “ts Conversion cycle Il. M1. WV 
b > 
(a) Initial correction period 
The internal state of this LSI is 
reasonably unsettled at the time Fig. 1 Operation Flowchart 


when the power is switched on; 
therefore, the initial correction cycle is requires before stable 


coverting operation becomes possible. 


The correction cycle automatically corrects conversion error 
caused by offset voltage of the integrator or the like, and 

is composed of the period (PHASE 0) for which VREF is integrated 
and the period (PHASE I) for which AGND is integrated. 


Since system correction is performed in steps at the end of 
this PHASE I, 64 correction cycles (64 * 1024+ Tosc) are 
required as the initial correction period. (TOSC denotes one 


clock cycle.) 
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(b) 


(c) 





Conversion cycle 


If the initial correction cycle period is completed, normal 
conversion becomes possible. 

When STC input is given, (although the correction cycle in 
PHASE O or PHASE I is in operation at this time), the correc- 


tion operation stops, and the conversion cycle starts. 


In other words, even if STC input is given, this LSI performs 
the same operation as the correction cycle until PHASE I is 
completed; but it does not perform the correction at the time 
of completion of PHASE I, and shifts to PHASE II. Therefore, 
attention should be given to the fact that PHASE I prior to 


PHASE II does not act as correction cycle. 


When STC input is given, the LSI integrates analog input in 
PHASE III through PHASE I and PHASE II, performing digital 
conversion in PHASE IV. When the LSI completes digital con- 
version in PHASE IV, the output is turned to the new data and 


the LSI returns to the correction cycle. 


Correction cycle 


When the next STC input is given between completion of 
arbitrary conversion cycle (at the time of completion of 
PHASE IV) and completion of one correction cycle (1024-Tosc), 
no correction is substantially made. Therefore, in case the 
STC input is consecutively given, another STC should be 

given after the lapse of one correction cycle at the earliest 
from completion of PHASE IV. When the STC input is given 
during conversion (While EOC is at "L" level), the STC cannot 


be accepted. 
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(d) 


(2) 


Constant of integration 


The Ry and Cy composing the integrator should be selected 

to satisfy the following equation. 

__VREF  __103 
Vpp fOSC 

Attention should be paid to the fact that, when the external 





RTCy = (0.9.2.5) [S] 


R oscillation is used, fosc has +30% variations in regard to 
the typ. value in Fig. 5 due to variations in sample and 


temperature characteristic. 


In other words, if the typ. value in Fig. 5 is denoted by 
fR-TYP, the Ry and Cy should be selected according to the 


following equation. 


_ _VREF_ 103 


RICT = (1.2 1.1.75) Vpp “ER TYP 


[S] 


Output Data Mode 


TRUTH TABLE 


DIGITAL OUTPUTS 
RSEL = "L" RSEL = "H" 











ANALOG INPUT 


Don't Care 





vtrLsp 








Z 
1 i 
7 LSB VY SLSB 














1 3 
LSB VY 5LSB 














5 
"FS"-SLSB V"FS"-S1SB 





se le 3LSB ~ NWESit SLSB 
1 


" mt 
FS + LSB 
Note : *AGND = ° 1LSB = "FS'"/256 
oie oan ee F. 11 Scale (=VREF) 
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(3) 


(4) 


8-bit digital data is output on four data lines after 
having been divided into the higher order 4 bits and the lower 
order 4 bits. Either the higher order bits or the lower order 


bits can be selected by RSEL. 


System Clock Oscillation Circuit 


For oscillating reference clock the oscillation circuit is 


composed of external resistors as shown in Fig. 2. 


OSC OSC 
IN OUT | 
OR 
Re 


Fig. 2 Clock Supplying Methods 





External Clock 


JUUL 


Timings for STC-EOC and EOC-DATA 


STE 
o Time (tse) from the fall of 


STC to the fall of EOC. 


3 EOC 
sae val 3 
tsE= ZTosc Vz Tosc 


DATA 


o Time (tpr) from the out of 





DATA output to the rise of EOC 


i ° e ° . 
tpE = = Tose Fig. 3 Timing Chart of STC, EOC 


O Min. time (tgs) from the rise of EOC to the acceptance of 
another STC. 


1 3 
tes = 5 Tosc » 5 Tosc 
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(5) 


(6) 


GCKO Output (Gated Clock Output) 


During the conversion (PHASE IV), 
the pulses of number equivalent to the 
values of digital data can be obtained 
on GCKO output. 

The output pluse has the frequency cor- 
responding to four times of refernece 
clock as shown in Fig. 4, and is 
synchronized with the rising edge of 


OSC OUT. 


Timing for STC Input and CHS Input 


STC signal is taken in synchro- 
nously with the internal clock. 
Therefore, if Tosc denotes one clock 
cycle of OSC terminal, the pulse width 


of more than (2.Tosc) is required. 


OSC 


pee i a a i a 
GCKO ] a z 


Fig. 4 Timing Chart of GCKO Output 
STC | 
CHS 
tw thold 
Fig.5 Timing Chart of Control Input 


Since the data of CHSg,2 are also latched in synchronously with the 


internal clock, the CHS signal at least requires the hold time of 


(Tosc + 50ns) or more after the fall of STC. 


NOTE 
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tw > 2-Tosc, tholda > Tosc + 50ns 
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RECOMMENDED OPERATING CONDITIONS (Vss= Ov) 


ITEM 
Supply Voltage 
Input Voltage 

































Note: Refer to the operating consideration (1) for determing the values of Ry and 
CI respectively. 
The ripples of VpD and VREF should be held down to less than 1/256 of the 
respective absolute values in view of precision. 


ELECTRICAL CHARACTERISTICS (Vss= Ov) 













SYM- 


BOL 
on 
VoL 


Output High Current 


Output Low Current] IO], Vv 


TEST 










-40°C 


25°C 
VDD 
(V) | MIN.| MAX.| MIN.| TYP. 


ITEM 





CONDITION 





|LouT|<1 yA 
VIN=VSS,VDD 
|Tour|<1 yA 
VIN=VSS; VDD 
VoH=4.0V , 
VIN=VSS,VDD 
VoL=0.4V 
IN=Vss;»VDD 


Output High Voltage 












Output Low Voltage 
























* 








Input High Voltage} Vry 











Input Low Voltage 











Output Disable 
Current 











Input Current 




















Analog Switch I 
OFF 
Input Leak Current 


Operating Con- IppD 

sumption Current |(opr) 
Ref 

e erence Supply Con LREF 

sumption Current 


* Applicable to digital input/output. Not applicable to analog input/output and 
OSCyy/OSCoyrz- ; 
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SWITCHING CHARACTERISTICS (YpD=5v, VSS=O0V, Ta= 25°C, CL= 50pF) 


ITEM SYMBOL TEST CONDITION oe er |e UNIT 


Output Rise Time 
|-Output Fall Time 
(Low-High) Propaga- 
|} tion Delay Time 
(High-Low) Propaga- 
tion Delay Time 
(Low-High) Propaga- 
tion Delay Time 
(High-Low) Propaga~ 
tion Delay Time EpHL 


(Low-High) Propaga- 
, , tpLH 
tion Delay Time 


(High-Low) Propaga- 












































; OSCoyT-GCKO 



















RSEL("L'">"H")-DATA OUT 

























RSEL("H">"L")-DATA OUT 







































‘tion Delay Time pHL 

Output Enable Time ee 

Output Disable Time | 

Max. Clock Frequency | fMAZ@ | OSC Input 
Min. Clock Frequency | f£MIN@ 





Input Capacity 
Analog Input Capacity Ao v As 
$-State Output Capacity] GoUT | <i 


SYSTEM CHARACTERISITCS (Ta=-40% 85°C) 


ITEM SYMBOL TEST CONDITION ae a Pee UNIT 


Zero Point Error 








VreF = VDD = OV 
Full Scale Error LSB 


Vacnp = OV 








Nonlinearity 





STC Min. Pulse Width Se Ss 





CHS Min. Hold Time STC = CHSQn, 2 : er © ns 











Conversion Time : AIN =O VFS oe | ey Ss 


* £OSC : OSC terminal clock frequency [Hz], FS : Full Scale voltage, Vpp level 
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TEST CIRCUIT 


IppD(opr.) Test Circuit Switching Time Test Circuit 


1819 27 


R¢ is adjusted as fosc = 





SWITCHING CHARACTERISTICS TEST WAVEFORMS 














1. tpLH, tpHL (OSC OUT - GCKO) 3 2. tpLH, tpHL (RSEL ~ DATA) 
| 20ns 20ns 
Osc 50% 
OUT RSEL 20% 
0% 
tr 
GCKO fe 
DATAQY3 ” 
DATAQ3 
3. tZL,tZH,tLz,tzi 4. ty (STC), thold (CHS) 
20ns -20ns . 20ns 20ns 
RENB ae | | 
STC 
DATAQ.3 
OVER FLOW CHSQv3 
DATAQ.3 
OVER FLOW 
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- 
e) 





fOSC = 1MHz 
R oscilla-) 
tion 


“| ( 








Ipp (mA) 

















Operating Consumption Current |- 


=) 
q 
cd) 
. 
a 
OC 
G 
O 
4 
=) 
5 
Y 
q 
{e) 
O 
jel) 
om 
sr 
rm) 
Sy 
u 
ro) 
Qu 
© 


ie a ee ee 

ae oe ee aaa 

7 100k 300k 500k 1M 2M 
Clock Frequency fOSC (Hz) 

Fig. 3 P-channel Output Buffer Drain Eile. 4 N-channel Output Buffer Drain 


Current Characteristics Current Characteristics 
Dorain to Source Potential Difference VDS (V) tan eae Vas =5V 
eco | | cee E 
Ves =-5V ea Pole elle 


Supply Voltage VDD (V) 










































12 
~ | | | f = 
yes canawne sear 2 ERE ™ 
Tay Se 2 G ae aa =10 
Sem wAY os eg 
rT ty V4 eae ene ae oe 
| ae es ae ee ee ee ee 
i per 2 Le 2 a 
v Fes eC se ae 
a E Seen waaee 
ae = 
wo 
a 
aS 
ae 











3M 5M 





£osc(Hz) 

























































100k 300k 500k 1M 






30k 50k 100k 
External Resistor Rf (2) 


rd 





co™N 
N 
mo 
4 
O 
WY 
© 
ug 
Pn 
O 
q 
ra) 
3 
oO 
ro) 
=) 
fy 
q 
‘o) 
oT aa 
4 
fay) 
ce 
ro 
an 
o) 
) 
© 


Oscillation Frequency 





Supply Voltage VDD (V) 
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Fig.8 tpd-VDD (RSE 











tpd (ns) 












































ov) 
= 
“4 
FR 
- 
© 
om 
“Ov 
i 
c 
O 
4 
+) 
ov 
o0 
w 
a. 
fo) 
My 
fu 


O . 
Supply Voltage VDD (V) Supply Voltage VDD (V). 


) 














Baal 

UT 

BER 
Cpd (ns) 


Pe, 
fa 
(a 


ct 

ae) 
m 
tr 


AE 


ee EL 
me) aati 































i 
= 
- 

== SS = =a ze 

ears Cae a ee ee ow ale 

Ee eae A ed Da EK Ss ed oe e/a +1 
ee = A 
ae an 
aS mae 
f 
ca) 
oD 

GREE: SabE 

| a3 5 6 alo 2 3 
Supply Voltage VpD (Vv) ~ 






(Note) 

The characterisitcs at left have been 
prepared for reference at the time of 
determination of an integrator time 
constant according to the equation of 


VREF 103 
Vpp  fosc 













att 
Bene CC Vpp = VREF 
See 


mae aN Rett 
pos 


~ 


10 aay = ees eed 
. mt ee Be: 
Soa oo 
ae AGRE H 
eel 
ot LL i 
10 lh 


se Frequency f£0SC (Hz) 











ss (RyCr = (0.9~2.5): (s)) 











for determing R{°Cr. 
















In case of the determination of Ry and 
Cy, the product, or the value, of RJ 
and Cy is required to be within the 
range of MIN. to MAX. as shown in left 
figure after due consideration of 
dispersion. 








Integration Time Constant 
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C’MOS DIGITAL INTEGRATED CIRCUIT T 2AP 
SILICON MONOLITHIC 


CATA 





TC5092AP C2MOS 13-BIT A/D CONVERTER 

GENERAL DESCRIPTION 

The TC5092AP is an integration 13-bit A/D converter 
of high precision and low power consumption. 

The 13-bit, 3-state data output is capable of 
independent enable in 4 bits so as to be connected 
Idirectly to 4—-bit/8-bit/12-bit data bus. (LSB is 
common to lower order 4 bits.) 

Further, since this converter has an 8-channel analog 
multiplexer, and a serial clock output function, it 
is most suitable as data collection unit of various 


industrial control instruments. 
DIP 42 (6D42A-P) 


FEATURES: 
« HAC hr PKOCTS LOD ong cos « eypaknelt +1 LSB(Typ.) 
. Low power consumption 10mW (Typ. ) 





. Single power supply Vpp=5Vt0. 5V 

. High-speed conversion fcp Max.=5MHz 
8-channel analog multiplexer contained 
TLL/CMOS compatible digital Input/Output 
Capable of direct connection to 4—/8-/12-bit bus 


APPLICATIONS: 
. Various industrial control instruments 
. Data collection modules 


PIN ASSIGNMENT 


Vpp 
XIN 
XOuUT 
GCKO 
HDEN 
Ci 
C2 
INTO 
INTI 
INTI 





o arnt a OPP WAN 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 


DC Supply Voltage | Vss-0.5~Vsst/ 


wee 
Ke OC 


ATNO 
AINI 
AIN2 


= 
rae) 





Or N A PF OD DO OC 


= 
w 


Input Voltage 





= 
a 


AINS 
AIN4 
AIN5 
AING 
AIN? 
VREF 
1/2 Veer 
AGND 


Reference Supply 
Voltage 


= 
on 





= 
Oo 


Analog Ground Voltage 


= 
NN 








be 
@ 


Output Voltage eo Vp. 3 





= 
© 


DC Input Current +10 


pay) 
jo) 





pa) 
ae 


Power Dissipation 300 





Operating Temperature 


-40~85 


(TOP VIEW) 





Storage Temperature 


Rance =65:° 150 
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FUNCTION OF EACH PIN 


PIN 










NAME & FUNCTION 


3-State Parallel 
Data Outputs 
DB12 : MSB 
DB O : LSB 


End of Conyersion 
EOC goes to "L" leyel at the 
fall of STC signal, and re- 
turns to "H" level at the 

end of .conyersion. 


Low Data Enable 
DBo V DB, are read by "H" 
level input. 





Medium Data Enable 
DBs V DBs are read by "H" 
level input. 





Start Conversion 

Conversion starts at the fall 
time, if pulse input at "H" 
level is provided. '"L" level 
should be kept during con- 
version. ; 


Channel Select Inputs 


These pins are address inputs 


for selecting eight analog 
inputs of AINO ~~ AIN7, and 
are taken into the internal 
latch 





Digital Ground 


Analog Ground 


Symbol _ NAME & FUNCTION 


> je 
24 


VREF 


25 AIN7 


26 | AIN6 


27 AIN5 


28 | AING 
29 | AIN3 


AIN2 


es) Wo , Wo 


32 | AINO 


INT] 


INT; 


INTo 


C2 


Wo 
: ON 






Reference voltage supply 
terminal, which supplies the 
VREF ~ AGND 


voltage of 5 


Reference voltage supply 
terminal 





Analog input terminal 
Input voltage range: 
AGND V VREF 
Arbitrary input can be se- 
lected by CHS input. 


re fe |e | ano 
52 
x | AINE 


AIN5 






















Integrator Input 
Integrator Junction 
Integrator Output 

The integrator consists of 
these three terminals. 


Ry Cy 


fey nie ee 


INTT INT J INTO 


RI and Cy should satisfy the 
following formula and beset 
as small a value as possible 


13000 


However, R of 1 © 2M should 
be used. 





> 


Capacitors connection terminals 


for offset calibration. 


FUNCTION OF EACH PIN 


= Symbol NAME & FUNCTION 


O.luF is connected between 
C2 and Cj, and 0.01uF Cy and 
VSS, respectively. 


High Data Enable 
DBg © DB]2 are read by "H" 
level input. 





















Gated Clock Output 
Pulses of number equivalent 
to conversion data are out- 
put during conversion. 













Terminals for system clock 
oscillation. 

Crystal oscillators are con- 
nected to both the ends of 
terminals. 













5V+40.5V 





Supply Voltage 


TCS5092AP 
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EDGE 
TC 
? a7) DETECTOR 








3 
(0) DOC 
RARRRRSR! 
EER (nea eke eee peer 
fips ec Ge Fs! be SS A 


— S 
EOC(14) @ : ST 13-BIT DATA HOLD LATCH WITH PRESET FUNCTION 


a 


13-BIT RIPPLE CARRY BINARY COUNTER 1/2 


= = 











=) INTo 
G4) INT; 
G7) C1 

| 23) VREF/2 


PHASE CONTROL 
CIRCUIT: 


XIN 41) | >o 
Xour (40) 








CHS? (18) {> : i 2 36) C2 
ay beh ee ee ed 

“1@—D—- 5 8 ————— 
Q es, Ena nn ate CEST UO eee 

cuso@g—_[>— * |] & aera 


ica) 


©)> 
Or 
S) 
S) 
~ &) 


VDD Vss VREF Acnp 





Analog Input 


WVYOVIG WALSAS 


dV260S91 





TIMING CHART 














AIN = VREF 
—~=~——- ATN= VREF/2 
—~-— AIN = AGND 





FUNCTIONAL DESCRIPTION 

(1) Conversion cycle 
In the state of PHASE 0', the operetion of LSI i a stop and the intesrating 
amplifier performs as voltage follower. Under this condition the external capac- 


tor (0.1uF across Cj and C9) 


When STC is given, the offset voltage charged into external capacitors is applied 
to non-inversion of the integrator, thus cancelling the offset volage equivalently. 


In PHASE I, the integrator continues tointegrate AGND until its output reaches Vc. 


In PHASE III the integrator integrates the analog input for the same period of 


time as T9 after it has integrated VREF for a fixed period of time (T2) in PHASEII. 


Finally, in PHASE IV the integrator continués to integrate AGND until its output 


reaches Vc. 





TCSO92AP 





FUNCTIONAL DESCRIPTION 


Let the time in PHASE IV be Ty. Then the 
following equation is made (formed) by Voltage Follower | PHASE 0 


omitting error factors such as offset 


drift. Pas << ste on? > 
T 

VAIN = st VREF (AGND=0V) ... (1) YES 
Offset Correction PHASE O' 
PHASE [I 
Calibration Cycle PHASE II 

Analog Input 
Digital Conversion | PHASE IV 


Update Data 















In case of this LSI, Tz is designed by 
4096 x 2-Tosc (Tosc denotes reference 
clock synchronization). Therefore, the 
above formula letting 2°Tosc be T is 


changed as follows: 


Vain ___T% - 
VREF 8192T Para area er ae ae 


That is, 13-bit resolution A/D conversion 
of FS (full scale) = 8192 can be made by 


counting the period of T4 by use of a clock having T frequency. 


However, it is recommended that Ry and Cz composing the integrator be set to the 
values close to 13000/fosc as possible after having satisfied the following 


formula. 


R{Cy > 13000 / fosc, RI = 1% 2MQ is used. 





(2) Output data format 


13-bit output data are output to 13 independent 3-state data buses DBg™ DB{2. 
Since 13-bit outputs can be independently placed on 3-state every group of High, 
Medium and Low of 4 bits/4 bits/5 bits from the higher order, it is easy to con- 


nect the microcomputer to buses of 4, 8, 12 i bee 
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FUNCTIONAL DESCRIPTION 
TRUTH TABLE 


DATA OUTPUTS (DB) 





Analog Input 











Don't Care 
































<1/2LSB 
1/2LSB ~ 3/2LSB 














Straight Binary 


"B55 /DLSB « "FS"—3/ 21S ' ; 


FS Full Scale, 1 LSB = (VREF-AGND)/8192,.Z -+- High Impedance 


"AH" or "L" Level 


(3) Basic clock 


Since this LSI operates on the basis of the frequency given to Xf[N input, a 


stable clock (Af< 0.005%) must be used for the clock to be given to XIN. 


Therefore, it is proper that the oscillation circuit is configured as shown in 
the following figure (a) by the use of externally mounted crystal becuase the 


LSI has a built~in inverter for crystal oscillation. 


XIN X 
Open 


External Clock 


(b) 
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FUNCTIONAL DESCRIPTION 


(4) 


(5) 


How to give STC input, Conversion time, and Sampling cycle 


STC input is taken in with the reference clock of.LSI, but the positive pulse 


having the pulse width for at least two cycles is required for internal starting. 


The conversion time of from the fall of STC input to the rise of EOC output. 
Letting this time be Tc MAX(Maximum conversion time), then the following equation 


is obtained. 


TOMAKSS GLOOOCET Gee S|: audisvarsishdig Soe Metpg aes oy Sarge te! os (4) 


(where T is oscillation cycle of basic clock.) 
OSC y. 


For example, when fcp=5MHz, TcMAX=8.2ms. For one-time sampling, an accurate 
output can be obtained from the falling edge of STC input after the lapse of 
ToMAX.. 


For consecutive sampling, however, STC input must be given after the lapse of a 
given period of time (6ms) from the rise of EOC. This period (6ms) is the time 


required for the recovery of LSI to normal state. 


Therefore, the minimum sampling cycle TsMIN is as follows: 


TsMIN = 41000 x Tosc + 0.006 + t,,(STC) [Si @esatee 6s, (5) 


Note: When power is set ON, following start-up procedure is required due to 


indefinite state of internal circuitry. 


1. Applying clock, STC is to be set high over 10ms. 


2. Complete at least one cycle as a dummy conversion cycle. 





| T smapling ! 
STC | | . | 


EOC 






T conversion 





Reference voltage 


This LSI has three reference input voltage terminals of Senn» > VREF> and VREFe 
Since analog input signal is quantized to 1/8192 in the range of Agyp VApgp for 
digitization, stable voltages must be supplied to > Varr and Vppr. 
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FUNCTIONAL DESCRIPTION 


1 , 
Espacially the yalue of 5 VREF voltage has direct effects upon conversion ac- 


curacy; therefore, it is recommonded that adjustment be made so as to agree out- 


put data with analog input by actually making A/D convert by use of input volt- 


age at FS (full scale) or 1/2FS level. 


VREF 


(6) BUS Interface 


For connecting a microcomputer to BUS line, three independent enable terminals 
are used. These three enable terminals permit the processing in the unit of 4 
bits (5 bits for the low order digit only). The microcomputer can be directly 
connected to the BUS of 412 bits easily by allocating proper address of micro- 


computer to the TC5092AP, 


(a) 4 Bit 


Interface 




















The left figure shows an example of re- 
ference voltage supplying circuit. 

Cj ~ C3 are filter capacitors for pre- 

venting reference voltage variations to 
be caused by ripple or induction noise. 
Generally the value of capacitor is 


about 0.01%0.1uF, though it varies with 





A 
GN the system. 


(b) 8 Bit Interface (c) 12 Bit Interface 





LDEN MDEN 
HDEN 


12 
10 


LDEN MDEN 
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RECOMMENDED OPERATING CONDITION 


ie res [sess 
Digital Input Voltage ; 
Analog Input Voltage a 
Reference Supply Voltage VREF 
Analog Ground Voltage | 


ELECTRICAL CHARACTERISTICS (VpD=5V + 10%, VYSS=OV, Ta=~-40% 85°C) 




























ITEM TEST CONDITION 


Output t High Voltage ToH=-1luyA,Digital output 








Output Low Voltage VOL TOL= INA, Digital output 





Input High Voltage 





Input Low Voltage 


en Se 





= 2.4 
Digital output except XOUT 


Output High Current 




















VOL = 0.4V 


Output Low Current ToL Digital output except XourT 











IDH VoH=5.5V, DBg~ DBj2 








Output Disable Current IDL VoL = 0.0V, DBo v DB12 





Ly VIN=5.5V,Digital input | 5.5 | 
Input Current 





eo ViL=0.0V,Digital input 


Analog Switch Off-Leak IOFF | Analog input/output 
Analog Switch - 
On Resistor | Ron | Ri aus? 


VREF = Vpp 
Digital output 
open 











Operating Consump- 


tion Current Digital 
input GND 
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SWITCHING CHARACTERISTICS (VDD =5vV4+10%, VSS =OV, Ta=25°C, CL =50pF) 


non) “a eo ese ae 






































Output Rise Time tTLH | Digital output 
Output Fall Time Cru Digital output 
; tZL 
Output Enable Time tz7y LDEN 
—— = MDEN ~DB Output 
‘ ; CLZ 
Output Disable Time HDEN 
CHZ 
Max. Clock Frequency fMAXd XIN Duty 40~607 
Min. Clock Frequency fMIN¢ XIN Duty 40~60% 





CIN Digital input 








Input Capacit 
. . 2 CIN Analog input 








3-State Output Capacity COUT DB Output 


SYSTEM CHARACTERISTICS  (Vpp=5V410%, Vss=OV, Ta= 25°C) 


Resolution 








Conversion Time 























Nonlinearity 








Zero Scale Error 








Full Scale Error 








| STC Min. Pulse Width 
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—— T G AP CMOS DIGITAL INTEGRATED CIRCUIT 
—— SILICON MONOLITHIC | 





TCS5093AP 8 BIT ANALOG TO DIGITAL CONVERTER 
GENERAL DESCRIPTION 











The TC5093AP is a monolithic CMOS 8 bit successive approximation A/D converter with 
8 channel multiplex inputs. After an analog input channel is selected with channel 
select input (CHO %2) and channel latch input (CHL), when STC is set high EOC goes low 
at the leading edge of STC and the conversion starts. 
After the conversion is completed, EOC returns high and the new data replace the previous 
data at DBO vDB/, — 
The TC5093AP has features of high speed, high accuracy and very low power consumption 
which make the device well suited to a broad application field such as process and 


machine control and automotive equipment. 


FEATURES 

* High accuracy .... -_ Terr eee eT Ce ee i> LSB cea 
High speed conversion .... 100 usec TYP @£,)=640 kHz 
Single power supply ins4«< auth wes evecare cawea DV E107 
Low power consumption .....eeeeeee- OmW MAX @TQ=25°C 
8 channel analog multiplex input 
Easy interface to all microprocessors 
Zero or full scale adjustment free 


Latched 3-state output 


PIN ASSIGNMENT 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Range 
DC Input Voltage | 
DC Output Voltage 
Reference Volage 
Analog Ground Voltage | ann | Vgg-0. 5vVpp +0. 5 

DC Input Current . +10 

Power Dissipation Rj mW 
Storage Temperature aC 










il 
2 
3 
4 
5 
6 
” 
8 
9 


ele|<[<[<|<|-<[8 
eS 


(TOP VIEW) 


° 
OQ 


Lead Temperature 10 sec. 
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BLOCK DIAGRAM 


AINO 
AIN1 CONTROL & TIMING 
AIN2 8- ch 

COMPARATOR DBO 
AINS ANALOG 
AIN4 DB1 
AINS M.P.X ALE DB2 
AING DB3 
AINY co 

DBS 

CHS 0 CANNEL ANALOG SWITCHES & DB6 
ones SELECT DECODER DBY 
CHS2 DECODER 


VDD 
Vss 


£96 RESISTOR LADDER 





TIMING CHART 


DBO? — PREVIOUS DATA 


* HIGH IMPEDANCE 
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PIN & FUNCTION 


IN SYMBOL | PIN NAME & FUNCTION 


[ANALOG INPUT] 


Zz 
© 


SYMBOL PIN NAME & FUNCTION 


3-STATE PARALLEL 
DATA OUTPUT 





DB2 


The analog input voltage 
applied to the selected 
channel is converted. 

Full range of input signal 
is to be from Aqanp to VREF- 


[ANALOG GROUND] 
Acnp defines the zero level 
of AIN . 


3-STATE PARALLEL 
DATA OUTPUT 


16 


> 
q) 
a 
oO 


o 
w 
oO 


© 
ee 
— 


DBO : LSB 
DB/ : MSB 


\o 
oO 
ws) 
wn 


[START CONVERSION] 


Conversion starts at the 
falling edge of STC. 


© 


NO 
a 


[END OF CONVERSION] 

EOC becomes low level at the 
rising edge of STC. 

And when the conversion is 
completed EOC returns to high 
level. 


3-STATE PARALLEL 
DATA OUTPUT 


[CHANNEL LATCH INPUT] 


The channel select signals 
CHSO \2 are latched at the 
rising edge of CHL. 


[CHANNEL SELECT INPUT] 


Ro 
lo 


One of Atno VAtn7 is selected 
according to the status of 
CHO VCH2. 


[READ ENABLE] 


| Output enable signal 


"H'" = DBO V7 enable 
"L" = DBO V7 high impedance 


ON CHANNEL 
AINO 
AINZ 
AINS 


NO 
- 


[CLOCK INPUT] 


— 


Basic system clock 





[SYSTEM POWER SUPPLY | 
Vpp=-V at 10Z 


[REFERENCE VOLTAGE] 
VREF | Vprrdefines the full scale of 
AIN: 


[SYSTEM GROUND] 26 
Vss=0V 


3-STATE: PARALLEL 
DATA OUTPUT 28 


ee 
< 
oO 
oO 
No 
1o7) 


te 
bo 


a) ~ on > Wo No be 


No Nh be i bs Zt 
poe | 8 | 8 | 8S [eps e]eis) a] s Bs 
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RECOMMENDED OPERATING CONDITIONS (Vgg=0V) 


SYMBOL CONDITION 















fe 


PARAMETER 
Supply Voltage 















Input Voltage 


se 


5 


Reference Voltage : 


Analog Ground Voltage 


Cc 





NO 


Voltage Between Vprr and AGND 


0 V 
Vpp=V +102 128 KH 
| fep Duty Cycle=50% * en” Si 


DC ELECTRICAL CHARACTERISTICS (Vgs=0V) 


x 6 
PARAMETER SYMBOL; TEST CONDITION 
High Level | Loy | <1uA 
V OUT 5.0 |4.95 4. 

Output Voltage Vin=Vss.> VDD 

Low Level Output | Lon | <1pA 

1 VoL OUT ; 0.05 

Voltage Vin=Vss-Vpp 
High Level Vay=4- 6V 

utput Current IN~*SS>* DD 
Low Level Voi=0.4V 

Out TOL = 

put Current Vin=Vss; 
High Level Vv | Toyr|<IpA 
Vol IH = 

Input oO tage Vout=0 ‘ 5V, 4.5V 
Low Level y | Toy | <1uA 

Input Voltage IL VouT=0-5V, 4.5V 

3-State Output Ipy Voy=5.5V or 
Disable Current Int Voy 70: OV 
Digital Input Ity ViH=2.-5V or 

Current Itt, V{L=0. OV 


On Channel 
Input Current 





a ks ae 
VREF Vpp=5V, AGND=0V V 






Clock Frequency 


+ 
CO 
ea 

° 
QO 





E 
re 
Z 


| 
= ane 
nn O = 
© e 
|+ 
© 
nn 


Ad: 


© 
© 
in 


— 
nn 


iE 
I+ © 
he) ° ° 
Wo 
| 
aS Go b+ © 
Ww MN ON “s 
| . e 





OFF Channel 
Input Current 


ie 
© 
ho 


Operating 
Current 


NO 
© 





Reference 
Resistance 


bs H 
~J e 
CO 





Uo No 
> ° ° 
° oi) © 
1ee) 


* 

\o 
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SWITCHING CHARACTERISTICS (Vpp=5.0V, Tg=25°C) 


Output Transition CTLH 
1 









MIN. 
0 





3-State Output tpZH 85 
Enable Time tpZL 
3-State Output | tpHZ = | Rp=1k 
Disable Time tpLZ 
Minimum Pulse Width 

=50pF 
(Steril) ee 
Minimum Set-up Time = 
(SSB Ra te [sone 


nS 


Propagation Delay - cob poe 1 /2 CLOCK | 1/2 CLOCK 
Time (STC - EOC) SE Le>*P + 200 + 600 
Data-EOC Time CL=500F Pee ee | a choen 

S 
h 


8 
6 
4 





200 
00 
00 
00 
50 
50 





L 
(cHs02) 
eee! 
Output Capacitance ~ 10 


SWITCHING CHARACTERISTICS TEST WAVEFORM 


5 Z 
5 2 
0 1 
2 
5 


oi 






. 





PREVIOUS 


CouZ? pZL 


VpD 
OUTPUT 
DBO~? Ry, 


: Ry, 
(PULL UP) OUTPUT 


DBO~’ 
(PULL DowN) 
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SYSTEM CHARACTERISTICS (Ta=25°C) 


PARAMETER SYMBOL TEST CONDITION MIN. 


Jtero Point Error | ag 
Vpp=).0V 


VrEF=5.000V 







RI 


i+ i+ I+ 
wn Sek NO ell ed ee 


© 


YP: 






a 
Sp) 
os 


Full Scale Error 
tep=l MHz 

Nonlinearity Error 

Ey 





Fo p=640 kHz 
Fop=1280 kHz 


1 
Conversion Time 


+ i+ I+ 
be fs aa 


*) 
n 
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T635094P C’MOS DIGITAL INTEGRATED CIRCUIT 
| | : ~ SILICON MONOLITHIC 





TC35094P 8 BIT ANALOG TO DIGITAL CONVERTER 





GENERAL DESCRIPTION 






The TC35094P is a monolithic CMOS 8 bit successive approximation A/D converter. 





The TC35094P consists of a high speed chopper stabilized comparator, a 256 resistor 






ladder with analog switches, 3 state latched buffers and a microprocessor compatible 






control logic. 






When STC is set high, EOC goes to low level and the conversion starts. 






After the conversion is completed the new data replace the previous data at DBO DB7 and 






EOC returns to high level. 






The TC35094P has features of high speed, high accuracy and very low power consumption 






which make the device well suited to a broad application field such as data communi- 






cation, process and machine control and automotive equipment. 







FEATURES 






PEE aACCUl ACY aaah ties wd ed eeeean wee 







High speed conversion .......... 






Single power supply «ccs eccseccccccccccccence 


° Low power consumption ............ 7.5mW MAX @T,=25°C 







* Zero or full scale adjustment free 






+ Easy interface to all microprocessors 


> Latched 3-state output 






LSTTL and CMOS compatible output DEE Ae eh Lehr) 











ABSOLUTE MAXIMUM RATINGS | PIN ASSIGHEMENT 


Supply voltage Range Vog70.5Wo6t7 
DC Input Voltage | Viy | Vgg-0. Sepp +0. 5 V 
DC Output Voltage VouT | Vsgs-0.5%Vppt0.5 
|Reference Voltage V 
Analog Ground Voltage | Agr [Ves 0.5 ppt0.5 | 


tml 
Te 300 





CK 
STC 
DB4 










DBS 


DB6 
DB? 














(MS B) © 
OVF 7 
Veg 8 
AIN 9 





Storage Temperature Tsto -65 ~ 150 et 


(TOP VIEW) 
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BLOCK DIAGRAM 


CONTROL & TIMING 


SUCCESSIVE © 
APPROX IMATION 
RHGISTER 
LATCH 


& 


ANALOG SWITCHES = 
2% S-STATE 
DECODER BUFFER 


! £96 RESISTOR LADDER i 
O O 





TIMING CHART 


UpE 
HIGH 


DBO~DBE’ 


HOC 
HIGH neue 
MPH DANCE MPHDANCE 
: PREVIOUS DATA NEW DATA : 
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PIN & FUNCTION : 


Fa. f-SYBOL PIN NAME & FUNCTION a SYMBOL PIN NAME & FUNCTION 


[ ANALOG GROUND ] 


























[CLOCK INPUT] 

























































1 CK en AGND defines the zero level 
Basic A clock of AtN- 
[START CONVERSION] 
> [ REFERENCE VOLTAGE ] 
Command for starting conversion. 
2 STC Conversion starts at the rising VreF defines the full scale 
edge of STC. of AqN- 
[ OUTPUT ENABLE ] 
2 DB4 
3-STATE PARALLEL Data DBO VDB7 are enabled 
DATA OUTPUT when OE is set high, and 
data output DBOVDB7 become 
4 DB5 The new data replaces the high impedance when OE is set 
previons data one clock cycle low level. 
before the rising edge of EOC. 
5 DB6 
DBO : LSB 
3-STATE PARALLEL 
DB7 : MSB DATA OUTPUT 
DB?7 
The new data replaces the 
previous data one clock 





before the rising edge of 
EOC. 








[ OVER FLOW | 


OVF goes to high level in case 
that the input analog signal 
exceeds the full scale. 














[SYSTEM GROUND ] 






[END OF CONVERSION ] 





EOC becomes low level at the 
rising edge of STC. 

And when the conversion is 
completed EOC returns to 
high level. 


Vss 
















[ANALOG INPUT ] 






Full range of input signal 
is to be from Acyp to VpRF. 







[SYSTEM POWER SUPPLY ] 
Vpp = 5V + 102 






> 
= 
a 
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RECOMMENDED OPERTING CONDITIONS (Vgg=0V) 


PARAMETER SYMBOL CONDITION 


Input Voltage 


un 











Reference Voltage oe Vpp=2V;, Acnp=0V 


Analog Ground Voltage AGND Vpp=2V, Vprr= lV 


< 
O 
7, 


= a 
O 











Voltage Between Van=5V+tLOY 
Clock Frequency Vpp=2V+10% 








Clock Pulse Width Vpp=.V=10Z% 
Operating Temperature 


DC ELECTRICAL CHARACTERISTICS (Vpp=5V + 10%, Vsgg=0V) 


ae tae © 
Seance [syso. | test coxprrrox ee 
MI MAX. 
High Level | Tour |<lnA Vpp- 
Output Voltage VIN=VSS;VppD 0.05 
| Tour |<1ua 
Vin=VsSs> Vpp 
VoH=Vpp-0 - 4V 
-0.44 
VIN=Vss .Vpp 
0 


N 
oa 
© 





| 
~~ 
© 









sf [2 
eS 
r< 
als 


< 
o 
o 










Low Level 
Output Voltage 


High Level 
Output Current TOH 


Low Level 


0.05 




























Output Current ToL Vin=VSS3 Vpp 
High Level y | Iour|<1vA Cm; 
Input Voltage IH VoyT=9-5V> Vpp-9.5V) | x Vpp 






Low Level 
Input Voitage 





Ve | Tour|<1uA 

IL VoutT=0- IVs Vpp7 O.5V 
VoOH=VDD or 
VoL=0.0V 


VIH=VpD or 
ViIL=0.0V 













3-State Output 
Disable Current 


















Digital Input 
Current 












Conversion Cycle 
=10KHz 
VTH-VREF or V7,70- OV 


Analog Input 
Current 






Operating Current 








Reference Resistance. 


NO 
1a 
Wi 
_ 
© 
. e ° (Se) 
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SWITCHING CHARACTERISTICS (Vpp=5V+10Z, Vss=0V, Ta=25°C) 


PARAMETER SYMBOL TEST CONDITION UNIT | 
Output | tTLH 
Transition Time CTHL 
13-State Output 
Enable Time tpZL 
3-State Output 
Disable Time 





| Propagation Delay : 
Time (STC-EOC) SED 
Data-EOC Time tpE Cy,=50pF 


tpHz, tpz 
OUT PUT... 





SYSTEM CHARACTERISTICS (Ta=25°C) os | | 
sympou| TEST conpition | in. | tye. | max. | unit _| 
- | 





| Zero Point Error 
































Full Scale Error Eps 

| | LSB 
| Nonlinearity Error ELI VREF=5.000V 

See ae £op=2MHz 

!Total Error Er 





/ Conversion Time 


| te fop=1Miz _ a us 
: fep=2MHz | | 
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C’MOS DIGITAL INTEGRATED CIRCUIT | 163509 P 
SILICON MONOLITHIC ! 


a 





TC35095P 8 BIT 8-CH SERIAL I/0 ANALOG TO DIGITAL CONVERTER 





GENERAL DESCRIPTION 






The TC35095P is a monolithic CMOS 8 bit successive approximation A/D coverter with 


serial I/O and 8 channel multiplex inputs. 





Conversion start when CS is set low and start bit ("L" level) and channel select bit 






(three bits) are given to serial input DI. 






In case that SE is high, as soon as the conversion starts a start bit ("L" level) 





appears at serial output DO and 8 bit conversion data (MSB first) and a stop bit ("H" 







level) follow continuously. 


In case that SE is low, after the conversion is completed a start bit, 8 bit conversion 






data (LSB first) and a stop bit appear at DO. 






The TC35C95P has features of high speed, high accuracy and microprocessor compatible 1/0 | 





which make the device well suited to a broad application field such as process and 





machine control and automotive equipment. 


FEATURES 









1 Oh SCCUraey (acs Sade ws Gite e owes ben me +2 LSB MAX 
° High speed conversion ....... 35usec MAX @f op=400kHz 
e SEN LE: POWELT: GUD DIY «ovate evacuate Gace eee earace es 5V+10Z 
- Low Power consumption ............. 5mW MAX @T,=25°C 





Serial 1/0 






8 channel analog multiplex input 






* Easy interface to all microprocessors 





DIP18( 3D18A-P) 






° 3-state output 





Zero or full scale adjustment free 









ABSOLUTE MAXIMUM RATINGS PIN ASSIGNMENT 


PARAMETER SYMBOL VALUE UNIT 
Supply Voltage Range Vog70.5Woot/ 


DC Input Voltage > VIN Veg-0. 5°Vppt0 <2 V 
V 


































DC Output Voltage Vout | Vsgg—-0.5°Vppt0.5 


| Reference Voltage VREF | Vgs-0.5°Vppt0.5 


Analog Ground Voltage Acnp | VSs70.5%Vppt0.5 
aE: = 300 


oO Oa xr oO FO F WA ND F&F 





Storage Temperature -65 ~% 150 


(TOP VIEW) 


O 
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BLOCK DIAGRAM 


CONTROL 
& 
TIMING 





TIMING CHART 


CK 


: bagel Leesan 
D1 AOC WLLL LLL 


STA CHe CH1 CHO 





SARS x 
STA (MSB (LSB) ies) 
SE 
(SE = "L") 
* HIGH IMPEDANCE sh (tae) (MS B) 
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PIN & FUNCTION 





oa SYMBOL PIN NAME & FUNCTION a SYMBOL PIN NAME & FUNCTION 
] [ 






[ANALOG INPUT 


10 A 
One of ATNO % AINn7 is selected GND 


according to the serial channel 
select bit applied on DI input. 
Full range of input signal is 
to be from AGND to VREF: 














11 VREF 





ANALOG GROUND ] 

Acnp defines the zero level 
of AIN, 

[REFERENCE VOLTAGE ] 


VREF defines the full scale 
of AIN. 













eamened 
ct 
> 


ON DI Serial Da 


Channel | CH2 | CH1 | CHO 


ATN1 
AIN2 


AINS 













AIN6 


EBEEEEEERE 
BEEREEEERE 


=fe[=f-|=[e|=[>| 








AIN7 


[SELECT INPUT] 


SE determines the order of 
output data. . 
 SES"L" .... LSB first 
Sr="H" .... MSB first 


[DATA OUTPUT] 


Output data is sent out in 
series. 


[SAR STATUS] 


When a start bit ("L" level) is 
detected at DI input, SARS is 
set "L' level and ‘conversion 
starts. 

When conversion is .completed | 
SARS returns to "H" level. 














a 





[DIGITAL GROUND ] 
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[CLOCK INPUT] 


Basic system clock. Duty cycle 
is to be 502. 





[DATA INPUT] 


For starting the conversion a 
start bit ("'L" level) and channe 
select bit (from CH2 to CHO in 
order) are to be applied. 





[CHIP SELECT] 

At the falling edge of CS, the 
device is set stand-by for 
conversion. When CS is "H" the 
device is reset and all outputs 
become high impedance. 





[Power Supply] 
5V + 10Z 


TC35095P. 





RECOMMENDED OPERATING CONDITIONS (Vgsg=0V) 


Supply Voltage . VDD 
Input Voltage VIN 


Reference Voltage VREE Vpp=5V, AGND=0V 


Analog Ground Voltage AGND Vpp=5V, VREF=5V 
Voltage Between Vpp=5V+10% | 








VREF_ and AGND ! 
Clock Frequency Vpp=5V+104 


Clock Pulse Width Vpp=5V+10% 
w (UL 


| Operating Temperature 














DC ELECTRICAL CHARACTERISTICS (Vpp=5V + 10%, Vgg=OV) 


PARAMETER SYMBOL TEST CONDITION 
VoH 


MIN. | TYP. MIN. 
























High Level Output IIour|<1uA 













Voltage VIN=Vss»Vpp 
Low Level V | lout | <1luA 
Output Voltage OL Vin=Vss,Vpp 
High Level 


Output Current 





Voz =0 é 4V 
VIn=Vss>Vpp 





Low Level Output Current 


| High Level Input Voltage 








Low Level Input Voltage 





3-State Output Disable 
Current 


| Digital Input Current 







OFF Channel Input Current 





lorr 
Operating Current Ipp 


| RREF_ 






Reference Resistance 
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SWITCHING CHARACTERISTICS (Vpp=5V+10%, Vsg=0V, Ta=25°C) 





J-State ite Output Enable Time 
(CS-SARS, SARS-Data) | 
3-State Output Disable Time 

| (CS-SARS, Data) __ 


Minimum Pulse Width (CS) 

















Minimum Set-up Time (CS, SE 
Minimum Hold Time (DI) 





Input Capacitance Digital Input 





| Input Capacitance Analog In(ON) 


| Input Capacitance 








Output Capacitance 3-State Out 
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3-STATE OUTPUT TEST CIRCUIT 


Vpp 
[ee 


UpHZ> tpZH 


TC35095P 





SYSTEM CHARACTERISTICS (Ta=-40 ~ 85°C) 


PARAMETER SYMBOL| TEST CONDITION MIN. AYE MAX. UNIT 


Zero Point Error ER 

















Full Scale Error VREF=5 .000V 


fe p=400kHz 
Dut y=50% 





Nonlinearity Error 





Total Error 


Conversion Time 


1 
APPLICATION CIRCUIT (EXAMPLE) ck ea ae 





PLO~R4 Ports 


TCS5095P 
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C*MOS DIGITAL INTEGRATED CIRCUIT 1635096P 
SILICON MONOLITHIC 


ll 








TC35096P 8 BIT 4-CH SERIAL I/0 ANALOG TO DIGITAL CONVERTER 
GENERAL DESCRIPTION 


The TC35096P is a monolithic CMOS 8 bit successive approximation A/D converter 


with serial I/O and 4 channel multiplex inputs. 

Conversion start when CS is set low and start bit ("L" level) and channel select bit 
(two bits) are given to serial input DI. 

In case that SE is high, as soon as the conversion starts a start bit ("L" level) 
appears at serial output DO and 8 bit conversion data (MSB first) and a stop bit 

("H'" level) follow continuously. 

In case that SE is low, after the conversion is completed a start bit, 8 bit conversion 
data (LSB first) and a stop bit appear at DO. 

The TC35096P has features of high speed, high accuracy and microprocessor comnatible 
I/O which make the device well suited to a broad application field such as process 


and machine control and automotive equipment. 


FEATURES 
3 


PEON ACCOLACY. tic aha cie oie: tig b Se Gre wets weber s +7, USB MAX 
High speed conversion ..... 32.5 us MAX @ Fo =400 kHz 
Single power supply .......... ee ee SV £10% 
Low power consumption ............ 5 mW MAX @T,=25°C 
Serial 1/0 

4 channel analog multiplex input 

Easy interface to all microprocessors 

3-state output 

Zero or full scale adjustment free 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER SYMBOL VALUE UN 
Supply Voltage Range Vss-0.5 VVgst7 
DC Input Voltage Vss-0.5 VVppt0.5 


DC Output Voltage Vout {| Vss-0.5 VVppt0.5 
Reference Voltage Veer | Vss-0.5 VVppt0d.5 





Analog Ground Voltage AGND |V 0.5 VVppt0.5 
g SS DD 


DC Input Current 

Power Dissipation pe. 300 

Storage Temperature 
TL 300 


(TOP VIEW) 
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BLOCK DIAGRAM 





4 % BIT 
| REGISTER =. 
_ COMPAR 
, | 9 BIT 


SHIFT 


| ANALOG SWITCHES & 
DEC ODER 


TIMING CHART 





Lk, 


O 
(SE= TL 
, * HIGH IMPHDANCEH 
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PIN & FUNCTION 


- SYMBOL PIN NAME & FUNCTION a SYMBOL PIN NaME & FUNCTION 


[ SELECT ] | [ANALOG GROUND] 


SE determines the order of Acnp | Acnp defines the zero level 





3 SE output data. 
ae of AIN. 
SES" wae ESB first 
SE oe MH. oes IMSB? £irst 





[REFERENCE VOLTAGE] 


VREF Veer defines the full scale 
of AIN- 


[CHIP SELECT] 


At the falling edge of cs, th 
device is set stand-by for con- 
version. When CS is "H" th 
device is reset and all ae 
become high impedance. 


[ANALOG INPUT] 

One of Atyno VAtnN3 is selected 
according to the serial channel 
select bit applied on DI input. 
Full range of input signal is 
to be from Acyp to VREF- 


[DATA OUTPUT] 


Output data is sent out in 
series. 





[SAR STATUS ] 


When a start bit ("L'" Level) 

is detected at DI input, SARS 
is set "L" level and conversion 
starts. 

When conversion is completed 
SARS returns to "H" level. 





[CLOCK INPUT] 





Basic system clock. Duty cycle 
is to be 502. 








[DATA INPUT ] 





For starting conversion, a start 
bit C'L" level) and enannel 
select bit (from CH1l to CHO in 
order) are to be applied. 








[DIGITAL GROUND] 
[POWER SUPPLY ] 


5V £102 
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RECOMMENDED OPERATING CONDITIONS (Vss=O0V) 


iNT 
of =| on 
2.0 


Analog Ground Voltage 
Voltage Between Vprr and Aenp 
Clock Freauencv 


Clock Pulse Width 









DC ELECTRICAL CHARACTERISTICS 






































| 25°C -40 85°C 
PARAMETER SYMBOL TEST CONDITION a — =“ 
; I |<luA Vane Vpp- 
High Level Output Voltage] VoH | OUT DD Vpp V 
Low Level Output Voltage | Voz ITour| <1 } ~ | e-00 0.05 ie 0.05] 0 
IN- SS» “DD | 
Vou= -0.4 
se a en -0.44 -0.36 mA 
IN- SS» “DD 
VoL=0.4V 
Vin=Vss>Vpp eo] - [= pee] - | 
|Tour|<1nA 0.7 O07 
VIH Wes - Vv 
=0.5V, Vpp-0.5V 
Vout » VDD an x VDD 
Vv |Ioyr|<lnA 0.3 Vv 
IL | Voyr=0-5V, Vpp-0.5V xVpp 
3-State Output Disable Ipy Voy=Vpp or z 
zat WA 
Current Ip VoL =0. OV 
naa = |e 





I+ 
No 

i+ 
1S) 





Operating Current IDpD 


bt 
fut 
i 
> 


. i+ 
re 
5 a com a eas 


a 
> 
NO 
o>) 
Se) 
© 
ho 
> 
No 
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SWITCHING CHARACTERISTICS (Vpp=5V410%, Vss=0V, Ta=25°C) 


Propagation Delay Time (CK-Data) 





Propagation Delay Time (CK-SARS) 





3-State Output Enable Time tpZh 
(CS-SARS, SARS~Data) tpZL 
3-State Output Disable Time tpHZ 
(CS-SARS, Data) tpLz 
Minimum Pulse Width (CS) Cyr=50pF 
Minimum Set-up Time (CS, SE, DI) pte Cy =50pF 


ts 
Minimum Hold Time (DI) th Cy =50pF 


Input Capacitance CIN1 
| Input Capacitance 
Output Capacitance 


SWITCHING CHARACTERISTICS TEST WAVEFORM 


Uw), *w(L) 


tT LH, THL 
0 
10% 
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3-STATE OUTPUT TEST CIRCUIT 


Vpp 


touZ» tpzu 


tpHZ> tpzH 





SYSTEM CHARACTERISTICS (Ta=-40 ~ 85°C) 


_ PARAMETER SYMBOL] TEST CONDITION if * 


ao © 
| Vpp=5- OV 
| BS VpEF=)- 000V a = LSB 





















Nonlinearity Error 








Total Error Dut y=50% = 


APPLICATION CIRCUIT (EXAMPLE) Te=gate O<a<see- 








PRO~K4 Porta 


ANALOG 
INPUT 


TC3SSO96P 
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C*MOS DIGITAL INTEGRATED CIRCUIT 163509 /7P 
SILICON MONOLITHIC 





TC35097P 8 BIT 2-CH SERIAL 1/0 ANALOG TO DIGITAL CONVERTER 


GENERAL DESCRIPTION 


The TC35097P is a monolithic CMOS 8 bit successive approximation A/D converter with 


serial I/O and 2 channel multiplex inputs. 


!Conversion start when CS is set low and start bit ("L" level) and channel select bit are 


given to serial input DI. 

As soon as conversion starts a start bit ("L" level) appears at serial output DO and 

8 bit conversion data (MSB first) and a stop bit ("H" level) follow continuously. 

|The device requires no external zero and full scale adjustments. 

The TC35097P has features of high speed, high accuracy and microprocessor compatible I/0 
which make the device well suited to a broad application field such as process and 


machine control, automotive equipment and consumer apparatus. 


FEATURES 


STEED BC CULACY veut a-have ten ww trike ea ewe ue ere tf LSB MAX 


|- High speed conversion ........ 30usec MAX @f,,,.=400KHz 


cp 
ie SI Uee. BOWE GUDpL y- Gisten a Qiks Ue were ang Bear eon 5V+10% 
© Low POWEer CONSUMPTION si. 65 ee8e% 17.5mW MAX @Tg=25°C 
* Serial 1/0 

|}: 2 channel analog multiplex input 

* Easy interface to all microprocessors 

}* 3-state output 


|* Zero or full scale adjustment free | | DIP8 (SD8A-P ) 


PIN ASSTGNMENT 


ABSOLUTE MAXIMUM RATINGS 











PARAMETER 





SYMBOL VALUE UNIT 


IVss- 0. a 










|Sunnlv Voltave Range 








IDC Input Voltage 








|DC Output Voltage 
}DC Input Current 













storage Temperature 












(TOP VIEW) 


[Lead Temperature 10sec 
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BLOCK DIAGRAM 


_— 
aA B CONTROL 
SIFT ced ae 
= 
i 


COMPARATOR 


ANALOG SWITCHES & oS S.A.R Eo 


DEC ODER 


re 
a , mio : alae naan 
00000000 m 


Sta (MSB) oe) 


* HIGH IMPEDANCE 
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PIN & FUNCTION 


PEN 
SYMBOL NAME & FUNCTION i SYMBOL NAME & FUNCTION 


[CHIP SELECT] [POWER SUPPLY] 
1 cs 

















Vpp is connected internally 
to 128 resistor ladder as a 
reference voltage 


SV. 2107 


At the falling edge of CS, the 
device is set stand-by for con- 
version. When CS is "H" the 
device is reset and all outputs 
become high impedance. 
















[DATA OUTPUT ] 


A start bit ("L" level), 8 

bit conversion data (MSB first) 
and a stop bit ("H" level) 

are sent out in series. 


















[ANALOG INPUT] 


AINo or Aqn1 is selected accord- 
ing to the channel select bit 
applied on DI input. Full range 
of input signal is to be from 


Vss to Vpp: 


ON | DI Data_ 
channel 
Awa 

















[CLOCK INPUT] 









Basic system clock 
Duty cycle is to be 50%. 














[DATA INPUT ] 













For starting conversion, 
a start bit ("L" level) and 
channel select bit (CHS) 

are to be applied. 







[| GROUND ] 


Ves is connected internally to 
128 resistor ladder as an 
analog ground. 












PARAMETER SYMBOL TEST CONDITION MIN. 

















Full Scale Error ERs Vpp=5. 000V 
Nonlinearity Error ELI fo p=400kHz 
| Dut y=50% 
12 . 
s+ 
ne" bape OSS De 
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RECOMMENDED OPERATING CONDITIONS (Vsg=O0V) 


ww [| 
0 





UNIT 





“Ha 


je) 


kHz 


DD 


IN. 
és 
Clock Pulse Width Ew(H) | vpp=5V+10% 63 
tw(L) 
-40 






iain 
ee 


E 
icp 






° 
io) 





DC ELECTRICAL CHARACTERISTICS (Vpp=5V +10Z, Vg,=0V) 


































Current 


| You=Vpp or 
Vo, =0. OV 
Try VtH=Vpp or 
Ity, Vyz,=0.- OV 


VIH=VREF OF 
Vyz_=0.0V . 
£ ep=400kHz 
| Vru=Vpp °F 
TOFF | y7,=0.0v 


ce 





I+ 
© 
Go 
I+ 
= 


[Digital Input Current 








ON Channel Input Current 


I+ 
NO 
I+ 
UW 




















I+ 


OFF Channel Input Current 


PARAMETER SYMBOL TEST CONDITION aie wil eeeeioee UNIT 
-—. MIN. | TYP. MIN, 
High Level Output V I Tour |<lua Vpp- - Vpp- y 
Voltage Vin=Vss>Vpp 0.05 DD 0.05 
Low Level Output vy [Tour |<lua 0.05 0.051 Vv 
Voltage Vin=Vss;> Vpp 
High Level Output 
’ Tout |<luA Oe? 0.7 
H | OUT 
igh Level Input Voltage; V VauTs0.5V Vopsdesu avon Sins V 
| Loy |<luA 0.3 03 
1 lt | | OUT 
nici Sai | VouT=0.5V, Vpp-0.9V — = [tim] 
3-State Output Disable : wi £0.5 e +1 
= ca Ey 
. =] E 
| = ie 









OH 
OL 
OH 
OL 
IH 
IL 
DH 
DL 
ON 
DD ~ 









: 


|Operating Current f£ p7400kHz 


Cc 
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SWITCHING CHARACTERISTICS (Vpp=5V#10%, Vsg=0V, Ta=25°C) 


Propagation Delay Time 
(CK-Data) 

3-State Output Enable Time 
(CK-Data) 


3-State Output Disable Time tpHZ 
(CS-Data) tpLZ 














Minimum Pulse Width (CS) CL=50pF 

Minimum Set-up Time (CS, DT) ts 
Minimum Hold Time (DI) 
Input Capacitance Digital Input 


SWITCHING CHARACTERISTICS TEST WAVEFORM 


w(H) *tw(L) 











UpLH>  pHL tTLH tTHL 





3-STATE OUTPUT TEST CIRCUIT 


D toiz tpzu 
TCS35097P 


tpHZ> YpzH 


O 
ANALOG 
INPUT 


CPU 6301 
POSS097 P 
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1635098P C’MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


TC35098P 8 BIT SERIAL I/O ANALOG TO DIGITAL CONVERTER 
GENERAL DESCRIPTION 


The TC35098P is a monolithic CMOS 8 bit successive approximation A/D converter with 
serial 1/0. 
When CS is set low SARS goes to high level from high impedance state. And at the next 
falling edge of clock SARS goes to low level and conversion starts. 
In case that SE is high, as soon as the conversion starts a start bit ("L" level) 


appears at serial output DO and 8 bit conversion data (MSB first) and a stop bit ("H" 


level) follow continuously. 


In case that SE is low, after conversion is completed a start bit, 8 bit conversion data 


(LSB first) and a stop bit appear at DO. 


The TC35098P has features of high speed, high accuracy and microprocessor compatible I/0 


which make the device well suited to a broad application field such as process and 
















=. 

DC Input Voltage VIN 

| DC Output Voltage =O;, 

[be Input current | yy | HO 
: L 


| Storage Temperature -65 % 150 aS: 


machine control, automotive equipment and consumer apparatus. 


FEATURES 
PELGiy ACCULAGY: vines sa OU ak a 4 es ee ee 
High speed conversion ..... 
Single Power Supply: :s sc ie we eed eee ee SOROS 
Low Power consumption .......... 
Serial 1/0 
Easy interface to all microprocessors 
3-state output 


Zero or full Scare adjustment free DIP8 (3D8A-P) 


PIN ASSIGNMENT 


ABSOLUTE MAXIMUM RATINGS 


° 





Vgg-0.5°Veot/ 
<5 
Vss-0. 5.Vppt+0.5 


G 
| 


+10 
ok 


(TOP VIEW) 


° 
) 
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BLOCK DIAGRAM 


COMPARATOR 


See» ba i 
SHIFT 


REGISTER 





TIMING CHART 


(MSB) 


ALARA AAA ZA 


(SE="L")  %* HIGH IMPEDANCE STA (LSB) -  (MSB) 
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PIN & ee 


ep SYMBOL NAME & FUNCTION SYMBOL NAME & FUNCTION 


[SELECT ] 


SE determines the order of 
output data. 

SE="L" see LOD first 
SE='"'H" . MSB first 








[POWER SUPPLY ] 





















Vpp is connected internally 
to 128 resistor ladder as a 


reference voltage. 
5V + 10% 











[CHIP SELECT] 













ne [DATA OUTPUT] 
When CS is set low conversion 

| starts. 

When CS is set high the device 
is reset and all outputs become 

high impedance. | 


Output data is sent out in 
series. 









[SAR STATUS ] 


When CS is set low SARS goes to 
high level from high impedance | 
state. And at the next falling 
edge of clock SARS goes to low 
level and conversion start. 
When conversion is completed 
SARS goes to high level. 



















[ANALOG INPUT] 















Full range of input signal is 
to be from Vss to Vpp. 












[ GROUND ] 











Veg is connected internally to 






128 resistor ladder as an analog [CLOCK INPUT ] 


ground. 





Basic system clock. 
Duty cycle is to be 504. 







SYSTEM CHARACTERISTICS epee eS 


Zero Point Error 













Full Scale Error 







Vpp=> . OOOV 
Eo p=400kHz 


Dut y=50% 








| Nonlinearity Error 
















| Total Error 


Conversion Time 
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RECOMMENDED OPERATING CONDITIONS 


PARAMETER SYMB 


VDD 
VIN 


Supply Voltage 
Input Voltage 
Clock Frequency 


Clock Pulse Width 


(Vss=0V) 








TC35098P 








Operating Temperature 


DC ELECTRICAL CHARACTERISTICS 


PARAMETER SYMBOL 


High Level Output 
Voltage 


Low Level Output 
Voltage 


High Level 
Output Current 


Low Level Output Current 


(Vpp=2V tr LOZ Vgc=0V) 


TEST CONDITION 


IIoyr|<luA 
VINn=Vss, VDD 
|Tour|<1lpa 
ViIn=Vss>Vpp 
Vou=Vpp-0.4V 
Vin=Vss>Vpp 
VoL =0.4V 
Vin=Vss>Ypp 





High Level Input Voltage 








Tour! <lua 


~ Voyt=0.5V,Vpp-0.5V 





Low Level Input Voltage 





3-State Output Disable 
Current 


Tour | <lua 
VouT=0 .5V,Vpp-90.5V 





Vou=Vpp or 
VoL =O ® OV 








Digital Input Current 


| Analog Input Current 


Operating Current 


VIH=Vpp oF 
V{zL=0.0V 
VrtH=VREF oF 


V{Tzi=0.0V 
fo p=400kHz 





fo p=400kHz 
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SWITCHING CHARACTERISTICS (Vpp=5V+10%, Vsog=0V, Ta=25°C) 
PARAMETER | SYMBOL 


Output Transition Time 


Propagation Delay Time 
(CK-Data) 

Propagation Delay Time 
(CK-SARS) 

3-State Output Enable Time 

(CS-SARS, SARS-Data) 

3-State Output Disable Time 

(CS-SARS, Data) 


oan 
ss 


| Output Capacitance Cour 3-State Out 








CS sh Sb 
- 


90% 
10% | 


‘trLH, tc HL 


Ry, OUTPUT 
OUTPUT 
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APPLICATION CIRCUIT 


Pango POrte 


ANALOG 
INPUT 


CPU 6301 
TC $5098 P 
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IMENSIONAL OUTLINES 

















DIP-8 PIN OUTLINE DRAWING (3D8A-P) Unit in mm 





8 5 
: 
in 
is 
1 4 
10.0 MAX 7.624025 
a 
t4 
2 
rc 
re) 
S 


~ 
— 





Me 


| OS ECs O15" 
+01 . 
| 12+015_ 025-005 


Note) Lead pitch is 2.54 and tolerance is £0.25 against theoretical center 


R.04+0.25 


of each lead that is obtained on the basis of No.1 and No.8 leads. 


DIP-14 PIN OUTLINE DRAWING (3D14A-P) Unit in mm 
14 8 
a 
: 
i 7 
19.9MAX 7624 0.25 






O51 MIN 






K.OMIN 5.OMAX 






05+0.15 


144015 Cia holy 





Note) Lead pitch is 2.54 and tolerance is 10.25 against theoretical center 


of each lead that is obtained on the basis of No.1] and No.14 leads. 
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DIP 16 PIN OUTLINE DRAWING (3DI16A-P) Unit in mm 








19.9MAX 7.62 +0.25 





O.51 MIN 


O52 046 








1.4+0.15 





Lead pitch is 2.54 and tolerance is +0.25 against theoretical center 


of each lead that is obtained on the basis of No.1 and No.16 leads. 


DIP 18 PIN OUTLINE DRAWING (3D18A-P) Unit in mm 





n®.BMAX 


R.O4t 0.25 


Note) Lead pitch is 2.54 and tolerance is +0.25 to the theoretical center 


of each lead that is obtained on the basis of No.1 and No.18 leads. 
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DIP 24 PIN OUTLINE DRAWING (6D24A-P) Unit in mm 





15.24 40.205 














1.4 40.15 


Note) Lead pitch is 2.54 and tolerance is +0.25 against theoretical center 


of each lead that is obtained on the basis of No.1 and No.24 leads. 





DIP 28-PIN OUTLINE DRAWING (6D28A-P) Unit in mm 


8 15 


14.4 MAX 


15.2£4+ 025 










380MAX 





O.51M1N 


0.520.15 
tA 05 


Note) Lead pitch is 2.54 and tolerance is isl @ Wa) against theoretical center 


of each lead that is obtained on the basis of No.l and No.28 leads. 
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DIP 42 PIN OUTLINE DRAWING (6D42A-P) Unit in mm 






L154 4+0.45 

















u 
aig BE OL 
0.5 +£0.15 || 828-005 


4. b4 £0.15 ae: 


Note) Lead pitch is 2.54 and tolerance is +0.25 against theoretical center 


of each lead that is obtained on the basis of No.1 and No.42 leads. 


MFP 14 PIN OUTLINE DRAWING (F14GB-P) aie Sneciin 





Note) Lead pitch is 1.27 and tolerance is +0.12 against theoretical center 


of each lead that is obtained on the basis of No.1 and No.14 laeds. 
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MFP 16 PIN OUTLINE DRAWING (FI6GC-P) Unit in mm 


015 





0.43+005 





L27£014 


| 0.5 +0.45 


Note) Lead pitch is 1.27 and tolerance is +0.12 against theoretical center 


of each lead that is obtained on the basis of No.1 and No. 16 leads. 
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RELIABILITY REPORT 
































Test Results 


Life Test Results 


Table a shows the life test results 


of B Series C?MOS IC. B Series is classified 


into SSI Family (less than 100 transistors) and MSI Family (More than 


transistars). 


Table ] 



























Life Test Results of C?MOS Family 











































































































































































EQUEVALENT 
A} | in OF FAL 3 
TEST ITEMS |CONDITION pias eee. DRVECE HOURS 
4 o 
¢ oe C DEGRADATION | CATASTROPHIC 
Ea=0.6eV | 
1 1000 
pace ats ameocies Me. to 22.7 x106 2% 0 
peration Vpp=18V ; 5000 | 
“4 14 Ta=125°C 
Taare 4140 | 1000 | 125.7 x106 1s 0 
fy DC Las Vpp=L8v 
te 
ida 
Lv 
wm | a8) Temps | ra=150°C | 2780 as 0 
gS | Storage 
N 
O 
oO Se __ ree = 
‘i | High Temp. Ta=60°C 
4 : aa , 
2 | High Humidity RH=90% 1080 14 0 
es Storage 
High Temp. Ta=85°C 730 0 0 
High Humidity | RH=857 Re 
Bias Vpp=18V 210 1L* Le 
Sready Stare see 13 0 
Operation Vpp=18V 
a High Tem Ta=125°C 
: ie ie 2580 | 1000 | 78.3 x106 0 0 
ay DC Bias Vpp=18Vv 
bm 
D _ : as . : ae 
Y . 1000 
a | Eten Temps | ta=150°c| 2090 | to 2x 0 
E Storage 5000 
oe —e nt cote re a. —___~. 
. : 
“| High Temp. Ta=60°C | 1000 
uy : ° 4 
@ | High Hymidity| ,._an> 1080 to 7 0 0 
“ | Storage pee 2000 
FQ) — _ = ttn 
High Temp. ead 
RH=85% 1000 - 0 0 






High Humidity 











Vpp=L8v 





Leakage Failure 
** AJ Corrosion 
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B. Environmental Test Results 


- Table 2 to 4 shows the results of thermal environmental, mechanical and other 


tests, classfied based upon package types. 


Table 2 Thermal Environmental Test Results 


TEST ITEM TEST CONDITION DIP14 DIP16 





















Temperature Cycle 





Tsol=260°C - | 
Soldering Heat NO oe Sake 0/870 0/745 
(30") (5') 30") 5") 
——— 1 cycles 
100°C - 0°C 
1 ! 
Thermal Shock a oy 0/870 0/745 
— 1 cycle — 
: 30 cycles 
MIL - STD - 883B_ | | 


—-65°C ~ 25°C ~ 150°C ~ 25°C 
0/870 0/745 
300 cycles : . 
Tests performed on the same samples 








Table 3 Mechanical Test Results 
: F ; 60420Hz, 20G 
‘ Bete le 100~2000~100Hz, 20G 
Nap tap re: Veneatron eed 4 min. 3 orientations, 4 times each fet) re 
Mechanical Shock rede ooos ; 0/270 0/240 
4 orientations, 3 times each 
Table 4 Other Test Results 


Solderability a taed | 0/430 0/270 


rie a: 0/320 0/200 — 


Bending 3 times 
0°~90°~0° 

0/270 0/150. | 
0/1660 | 0/1360 


5% salt atmosphere 










































20000G, 6 orientations 
1 min. each 



















Lead Integrity 















Salt Mist 35°C, 24 hrs. 


2 atm, 121°C, 100% 
100 hrs. . 






Pressure Cooker 
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Failure Rates Estimation 


It is well known from various data that life time of not only c?MOS but 
also all semiconductor devices are greatly affected by temperature. 
In general, the relation between failure rates and temperature of 


semiconductor devices is expressed in ARRHENUS equation. 


F=A-exp(-Ea/kT) 


Whereas F : Failure rate (Fit) 
: Temperature (°K) 
BOLTZMANN constant 8.62 x 107°(eV/°K) 
Ea : Activation energy (eV) 


A : Constant 


Failure rates increases as temperature rises. 


For B Series C*MOS, an activation energy(Ea) of 0.6eV has been obtained 
from the results of life test which are shown in table 1. Table 5 indicates 
the estimated failure rates at ambient temperature of 60°C calculated by the 


ARRHENUS equation based on this activation energy. 


Table 5 Estimated Failure Rates of C?MOS Family 
— SAMPLE EQULVALENT DEVICE HOURS | NUMBER OF | FAILURE RATE* 
SIZE @ 60°C, Ea=0.6eV FAILURES @ 60°C FIT 


B-Series Ze a2 


* 60% Confidence level 
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Voltage Acceleration of Failure Rate 


One of the features of B Series C*MOS IC is the wide operating voltage 


range of 3 to 18V. 


For C?MOS IC, the correlation of the failure rate and supply voltage Vpp, 
A&Vppt-5 has been obtained. 


The failure rates at different supply voltages are estimated by applying 
the failure rates to the equation mentioned above. The rates are obtained 
from Table 5 at ambient temperature of 60°C and maximum supply voltage. 


Figure 1 shows the supply voltage dependence of the failure rates. 


According to the above mentioned items, following failure rates can be 
estimated, when the C?MOS IC operates at a supply voltage of 5V and the 


ambient temperature is 60°C. 


B Series 3.2 Fit 


20 


pes 
oS 


Failure Rate (Fit) 
ol 





5 8 18 (V)_ 
Supply Voltage Vpp 


Fig. 1 Voltage Acceleration of Failure Rate 
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Moisture Resistance of Plastic Packaged IC 


Performance In Moisture Resistance Test 

The Moisture resistance has a great influence on the life time of plastic 
packaged IC. Alcorrosion, especially, induces an open failure mode in 
electrical characteristics which becomes a catastrophic failure mode. 

The life time of the plastic packaged IC has been extended by reducing 
contamination in sealed resin that may cause the moisture resistance failure, 


and by controlling phosphorous concentration in PSG, used as passivation film. 


The failure rates within a certain period obtained by plotting the c*MOS data 
to WELBULL are shown in Figures 2 and 3. The data are derived from results 
of PCT (121°C, 2 atm) and THB (85°C/85%, 15V) which are typical moisture 


resistance tests. 


As shown in the figure, the C?MOS IC has a life time of more than 7000 hours 
at THB test, this became possible because of progress such as the improvement 


of resin being made. 


Failure Rate (Z) 





100 200 500 1000 
Hours 


Fig. 2 Moisture Resistance (121°C, 2 atm) 


Failure Rate (%) 





168 500 1000 3000 5000 10000 
Hours 


Fig. 3 Moisture Resistance (85°C/85% with Bias) 
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Moisture Resistance Acceleration Model 


Several acceleration models, which are used in estimating the life time of 


the plastic packaged IC by applying the moisture resistance acceleration 
test data, have been reported. The followings are examples of the life time 
estimated by using the ARRHENUS model that is relatively close to the 


acceleration test data obtained by using Toshiba plastic packaged IC. 


The ARRHENUS acceleration model is widely used in estimating the life time 
based upon the high temperature operating test data. It is assumed that the 
same type of moisture acceleration can be applied to moisture resistance 
where relative humidity is constant. Thus, the life time is expressed in the 


following equation. 
u=A+ exp (Ea/kT) 


Whereas A : Constant 
Ea : Activation energy 
: BOLTZMANN constant 


: Absolute temperature 


Ea of 0.8eV has been obtained by Toshiba based upon data of the acceleration 
test performed at constant 85% RH. THB (85°C/85% RH) data of each year are 
applied to the acceleration curve which is shown in Figure 4. The life time 
of current C*MOS IC is at least 1,000,000 hours, or more than 100 years, 
even in the relatively high humidity environment of 25°C and 85% RH. 
Therefore, C*MOS is sufficient to be used for equipments which require high 


reliability. 


LA ey 
(K 1)CC) 
1623 | u=A*exp (Ea/KT) 


3.0 


Temperature 


3.5 





















10*?. 3x10 10° = 3x10° 


t Hours 


102 3x107 10° 3X10 


Fig. 4 Life Time Estimation of Humidity Test 
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Other Test Results 


Electrostatic Discharge (ESD) 


It is said that the insulation strength of silicon—diode filme of IC and 
transistors is approximately 10V/cm. In case of gate oxide films of MOS IC, 
it will be destroyed by the even low voltage of about 100V since it is a 


very thin gate oxide film of about O.liupm. 


To prevent the destruction caused by the exceeding voltage, a protective 
diode is inserted to all input terminals of C?MOS IC. However, there is a 
limit the in the capacity of the protective diode, and the device will be 


destroyed when the voltage applied to the device exceeds the limit. 


Table 6 shows the static electric sensitivity test data of TC4011BP that is 


one of our typical gates of C*MOS IC. 


Table 6 Static Electric Sensitivity Test Results of TC4011BP 


Output Plus Voltage 










Fig. 5 Test Circuit of ESD 


Latch-Up 


In general, for the CMOS type IC, the phenomenon called latch-up may induce 
the degradation or destruction of a device, except for the types with SOS 


structure or oxide film isolating structure. 


The latch-up does not occur in the normal operation within the maximum ratings. 
However when a voltage lower than VSs(GND) or higher than Vpp is applied the 
input or output terminals, or when a device brak down with exceeding Vpp, the 


latch-up can occur. 


Therefore, in operating the device, it is essential to take care not to apply 
a higher voltage than ponted out in the maximum ratings. The latch-up trigger 


current of C*MOS IC, TC4011BP, is shown in Table 7. 


Table 7 Latch-Up Test Results of TC4011BP 


INJECTION CONDITION LATCH-UP 


Input Plus Direction 


Input Minus Direction 


Output Plus Direction 


Output Minus Direction 





Fig. 6 Test Circuit of Latch-Up 


Note) 1. The measurement of a negative injection mode by applying more 
than-30mA is not preformed since the mode is limited by resistor 
of an input protective circuit. 


2. The measurement of positive side of input and negative pins by 
applying more than 150mA is not performed with same reason as 
Note 1. | 
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8. Field Performance 


c?MOS IC has been used for various purposes since it has been put on the 
market. Table 8 shows the field data of major examples. As this data 
indicates, the actual field performance is expected in a range of a few 


and ten Fit. 


Table 8 Field Performance Data of C2MOS IC 









APPLICATION Q'ty OPERATION |NUMBER OF FAILURE RATE 


SYSTEM CONDITION (pes) TIME FAILURES (pcs) FIT 








Since Feb. 
Room air © | 20,000 1974 L 1.6(3.4*) 
| 8 hrs/day 


Process 1/0 
System 
























Since Oct. 
15 to 40°C 21,000 |. 1974 0 0(1.6*) 
10 hrs/day 


Industrial 
Meter System 









Highway Since Aug. 













Tunnel ITV oy eo 25,000] 1975 0 0(0.5%) 
System Up boca Re | 24 hrs/day 

Computer 

Terminal Unit 

On-Line Data 5 ‘to 37°C Since Feb. 

Terminal (Tested at 1983 2 14.2 (22%) 
Printer 0 to 40°C) 10 hrs/day 


Marked Card 
Reader 


* Failure Rate Estimation 60% confidence level. 
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Test Results of B Series Mini-Flat Package C2MOS; TC4000B/TC4500B Series, 
(Surface mount devcice) 


Mini-Flat devices have same dies as dual-inline devices. It is considerable 
that life test results of mini-flat devices are equivalent to that of dual- 
inline devices except humidity and mechanical items. 

In this chapter, it is described only for the life test results related to 
humidity and mechanical items. 

Please refer to the results of dual-inline devices for the other life test. 


(1) Humidity Storage 












AMP NUMBER OF FAILURETS 
TEST TEST CONDITION nee ee 
DEGRADATION |CATASTROPHIC 
nadie Senage |Setorc, mses || eee |) noo (PoP 


(2) High Temp. Humidity Bias 


. AMP : NUMBER OF FAILURETS 
pee nest conprrion | SAMPLE [DURATION | NUMBER OF FAILURETS | 
| Ze ( DEGRADATION |CATASTROPHIC 


Vpp=18V 
* Leakage failure 















High Temp. 


Humidity Bias ao 








(3) Pressure Cooker 


TEST TEST CONDITION FP-14pins TYPE FP-l6pins TYPE 
[Pressure Cooker | 2 atm, Ta=121°C, RH=100%, 100hrs 0/840 , 0/660 


(4) Complex Test (Pressure cooker test followed by solder dipping) 









@ Precondition 
i 85°C, 85%, 20Hrs storage 
(2 Solder dipping (Completely inserted to solder tab.) 
a) Solder Peniperative 260°C, Solder Dipping Time 10sec. 


@) Pressure Cooker Test 


TEST CONDITION FP-14pins TYPE |FP-l6pins TYPE 
2 atm, Ta=121°C, RH=100%, 100hrs 0/350 0/300 
(5) Others 


TEST CONDITION FP-14pins TYPE |FP-l5pins TYPE 
Weight=100¢ 0 
Weight=250¢ 0 0/50 

head ad ae Maintenance during 30 time / 


7 




























~65°C v 25°C v.150°C 1 25°C 
(30') (5') (30') (5') 


1 cycle 
300 cycles 















Temperature 
Cycling 
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ROSS REFERENCE TABLE 


























TOSHIBA 4000 SERIES LOGIC FAMILY CROSS REFERENCE 


NATIONAL 
TOSHTBA steerics | Ssivtconbucror| _s¢s_ 
TC4OOBP CD4000BE MC14000UBCP | HEF4000BP CD4000CN HCF4000BE 


TC4001BP CD4001BE MC14001BCP HEF4001BP CD4001BCN HCF4001BE 
TC4001UBP CD4001UBE MC14001UBCP HEF 4001UBP CD4001CN 
TC4002BP CD4002BE MC14002BCP HEF4002BP CD4002BCN 




















































































HCF4002BE 







































TC4006BP CD4006BE MC14006BCP HEF 4O006BP CD4006BCN HCF4006BE 
TC4007UBP CD4007UBE MC14007UBCP HEF 4007UBP CD4007CN HCF4007UBE 


































TC4O008BP 
TC4O009UBP 
TC4010BP 
TC4011BP 
TC4011UBP 


CD4008BE 
CD4009BE 
CD4010BE 
CD4011BE 
CD4011UBE 


CD4008BCN HCF4008BE 


CD4009CN 


MC14008BCP HEF 4008BP 



























































CD4011BCN HCF4011BE 


CD4011CN 


MC14011BCP 
MC14011UBCP 


HEF4011BP 
HEF 4011UBP 





































































TC4012BP CD4012BE MC14011BCP HEF4012BP CD4012BCN . HCF4012BE 
TC4013BP CD4013BE MC14013BCP HEF4013BP CD4013BCN HCF4013BE 





























CD4014BE MC14014BCP HEF4014BP CD4014BCN HCF4014BE 


CD40L5BON 

HEF4OL6BP | CD4OL6BGN | HCF4016BE _| 

HEF 4017BP 

CD4018BE NCF4018BE 
CD4019BCN 


TC4014BP 
TC4015BP 

TC401LO6BP 
TC4017BP 
TC4018BP 



















































































































TC4019BP CD4019BE ed HEF 4019BP HCF4019BE 
TC4020BP CD4020BE MC14020BCP | HEF4020BP CD4020BCN 
CD4021BE MC14021BCP | HEF4021BP CD4021BCN HCF4021BE 
TC4022BP CD4022BE MC14022BCP | HEF4022BP CD4022BCN HCF4022BE 
TC4023BP CD4023BE MC14023BCP | HEF4023BP CD4023BCN HCF4023BE 















HCF4024BE 
HCF4025BE 
HCF4027BE 
HCF4029BE 
-HCF4030BE 
HCF4032BE 
CD4034BCN HCF4034BE 


_ HEF4035BP CD403 5BCN HCF4035BE 
HCF4038BE . 
HEF 4040BP D404 0BCN HCF4040BE . 


TC4024BP 
TC4025BP 
TC4027BP 
TC4028BP 
TC4029BP CD4029BE 
TC4030BP CD4030BE 


Teas 
oe 


TC4039BP 
TC4040BP CD4040BE 


CD4024BE 
CD4025BE 
CD4027BE 
CD4028BE 





MC14024BCP_ | HEF4024BP CD4024BCN 
MC14025BCP | HEF4025BP CD4205BCN 
MC14027BCP | HEF4027BP CDd027BCN 
MC14028BCP HEF4028BP. CD4028BCN 
McC14029BCP | HEF4029BP CD4029BCN 
HEF4030BP 

























































































































MC4032BCP 
MC14034BCP 
MC14035BCP 




















































MC14038BCP 


















MC14040BCP 
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Teotosean 


~'TC4O054BP CD4054BE 


i a 
TC4063BP cooosse | ttt—<‘idst 
TC4O68BP 
C4 O69UBP 
1C4O71BP 
10407 2BP 
TC4073BP CD4073BE 
TC407 SBP CD407 SBE 


NATIONAL 
5 EMICONDUCTOR 


CD4042BCN 
CD4043BCN 
CD4044BCN 
CD4047BCN 
CD4049CN 

CD4050BCN 
CD4051BCN 
CD4052BCN 
CD4053BCN 


CD4066BCN 


CD4069CN 

CD4071BCN 
CD4072BCN 
CD4073BCN 
CD4075BCN 
CD4076BCN 





fcgiee |) eure. | een 
TC4077BP CD4077BE MC14077BCP HEF4077BP 
TC4O7 8BP 
TC4O81BP 
TC4O82BP 
TC4O8SBP 
a eo oe ae 
TChOOSBP oe 
TC4094BP HEF4094BP 
TC4O99BP 
Te4o1ozsp_| cp4oozse | 
eens 
a 


TenoIoase 
rego1o4Bp_| cp4o1o4pe | 
reoio7se_| cp4o1o7se | 
Tones 


TC40160BP CD40160BE MC14160BCP HEF 40160BP 
TC40161BP CD40161BE MC14161BCP HEF40161BP 
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CD4081BCN 
CD4082BCN 


CD4093BCN 
CD4094BCN 
CD4099BCN 


CD40160BCN 
CD40161BCN 


HCF 404 2BE 


HCF4050BE 


HCF4055BE 
HCF4056BE 


HCF4063BE 
HCF4066BE 
HCF4068BE 
HCF4069UBE 
HCF4071BE 
HCF4072BE 
HCF4075BE 
HCF407 6BE 


HCF4077BE | 
HCF4078BE 


HCF4081BE 


HCF4082BE 
HCF4085BE 













HCF4086BE 
HCF4093BE 







HCF4094BE 
HCF4099BE 
HCF40102BE 


HCF40103BE 
HCF40104BE 
HCF40107BE 
HCF40160BE 


HCF40161BE 












TOSHIBA 4000 SERIES LOGIC FAMILY CROSS REFERENCE (Continued) 


RCA MOTOROLA SIGNETICS: lem an nieeon 
TC40162BP CD40162BE | MC14162BCP | HEF40162BP | CD40162BCN | HCF40162BE 


TC40163BP CD40163BE MC14163BCP HEF40163BP CD40163BCN HCF40163BE 
TC40174BP CD40174BE MC14174BCP HEF40174BP CD40174BCN HCF40174BE 
TC40175BP CD40175BE MC14175BCP HEF40175BP CD40175BCN 


TC40192BP a HEF40192BP | CD40192BCN | HCF40192BE 


TOSHIBA 





























CD40 L92BE 












TC40193BP CD40193BE ae HEF40193BP | CD40193BCN | HCF40193BE 
TC40194BP CD40194BE | MC14194BCP | HEF40194BP HCF40194BE 








TC4502BP 
TC4503BP 
TC4508BP 
TC4510BP 
TC45L1BP 
TC4512BP 
TC4514BP 
TC4515BP 
TC451L6BP 
TC4518BP 
TC4519BP 
TC4520BP 
TC4521BP 
TC4522BP 
TC4526BP 


HCF4502BE 


CD4502BE MC14502BCP HEF4502BP 
MC14503BCP 








CD4503BCN 










ECF4508BE 
HCF4510BE 
HCF4511BE 
HCF4512BE 
HCF4514BE 
HCF4515BE 
HCF4516BE 
HCF4518BE 


aie 
cD4508BE | MC14508BCP 
CD4510BE | MC14510BCP CD4510BCN 
CD4511BE | MC14511BCP CD4511BCN 
cp4512BE =| MC14512BCP CD4512BCN 
CD4514BE CD4514BCN 
CD4515BE | MC14515BcP | HEF4515BP | CD4515BCN 
CD4516BE CD4516BCN 
CD4518BE CD451 8BCN 
Cb4519BCN 
CD4520BE CD4520BCN 
cb4522BCN 
CD4526BCN 
CD4527BE CD4527BCN 
CD4528BE CD4528BCN 
pmeiassosce | 
cb4532BE 
TC4538BP_ | CD4538BE CD4538BCN 
TC4539BP MC14539BCP 
TC4543BP CD4543BE CD4543BCN 











HCF4520BE 





HCF4527BE 


TC4527BP 


TC4528BP 
TC4530BP 
TC4531BP_. 
TC4532BP 








HCF4532BE 
HCF4538BE 








HCF4555BE 
HCF4556BE 





eae. ean 
cue ee 
TC4560BP | mc14seosce | 
TC4561BP Fmcuaserpcp | 
1C4572BP | mci4s72uscp | 
TC4583BP Pmeiassspcp | 
ae ee 
CD4585BE 


CD4584BCN 


TC4585BP 


HCF4585BE . 
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TYPE NUMBERS 















































© MAINTENANCE-DISCONTINUED TYPE NUMBERS 


TYPE NO. FUNCTION REPLACEMENT 


TC4508C DUAL 4-BIT LATCH TC4508BP 








TC5000C/P DUAL 50/64 STAGE STATIC SHIFT REGISTER TC5050P 














TC5001C 4—-DIGIT DECADE COUNTER TC5001P 
TC5004P DUAL 500/512-BIT DYNAMIC SHIFT REGISTER = 





TC5010P 4—DIGIT UP/DOWN COUNTER WITH TIMER 


QUAD 2-INPUT NAND GATE WITH P-CHANNEL OPEN _ 
T 
C5030BP DRATN OUTPUT 


TC5034P 4-BIT PRESETTABLE "N" COUNTER/DECODER/DRIVER Lo een ee 


TC5042BP BCD TO 7-SEGMENT DECODER/DRIVER TC5002BP, TC5022BP 
TC5055P 3 1/2 DIGIT DVM CIRCUIT 


TC7410BP TRIPLE 3-INPUT POSITIVE NAND GATE TC4023BP 
TC7420BP DUAL 4-INPUT POSITIVE NAND GATE TC4012BP 


Note: The replacement types are approximately similar to the maintenance types 


(TC5053P), (TC5054P) 































in terms of the characteristics and functions, but not exact equivalent. 


In case of doubt the original data sheets should be consulted before use. 
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CORPORATE OFFICE 
9775 Toledo Way 

Irvine, California 92718 
Telephone: (714) 455-2000 
FAX: (714) 859-3963 
Telex: 314-138 





NORTH WESTERN REGION EASTERN AREA 
1220 Midas Way 25 Mall Road 
Sunnyvale, CA 94086 5th Floor 
(408) 737-9844 Burlington, MA 01803 
FAX: (408) 737-9905 (617) 272-4352 
FAX: (617) 272-3089 
SOUTHWEST REGION TWX: 710-321-6730 
15621 Redhill Ave. Answerback Toshiba Burl 
Suite 205 
Tustin, CA 92680 SOUTH EAST REGION 
(714) 259-0368 Waterford Centre 
FAX: (714) 259-9439 5555 Triangle Parkway 
Suite 300 
Norcross, GA 30092 
(404) 368-0203 


FAX: (404) 368-0075 
CENTRAL REGION 
1101A Lake Cook Rd. 
Deerfield, IL 60015 
(312) 945-1500 
TWX: 29-7131 
FAX: (312) 945-1044 


SOUTH CENTRAL REGION 
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Suite 650 

Richardson, TX 75081 

(214) 480-0470 

FAX: (214) 235-4114 
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